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GENERAL REMARKS 
1. All the chart numbers, structure number and 
references in chapter refer to that particular chapter only. 
2. The list of references pertaining to each chapter 
has been given at the end of that chapter* 
3. All the IR spectra and NMR spectra are given at the 
end. 
4. The NMR spectra were measured in carbon tetrachloride 
solution unless otherwise mentioned using tetramethylsilane 
as internal reference on A-60 Variaa instrument and the 
chemical shifts were measured in 1 units. 
5. The ultraviolet spectra were recorded on Beckman DK-II 
ratio recording spectrophotometer. 
6. The infrared spectra were recorded on a Perkin-Slraer 
infra-cord spectrophotometer, Model 137 B and Model 221 with 
sodium chloride optics. 
7. Unless otherwise stated gas liquid chromatographic 
analysis were carried out on a Griffin and George GLC 
apparatus MK. IIA employing hydrogen as carrier gas. 
a. Optical rotations were taken in chloroform solutions 
unless otherwise mentioned and sodium light (5393 A) was 
used as the source. Concentrations are expressed in 
gm/100 ml of solution. 
9. The melting points and boiling points are uncorrected 
and recorded on centigrade scale. 
10. Unless cthtrvfn* r#nt!oneA p«t.cth«r r^fors 
to tfcc r«tTol»»'.» <»tte#r fwetlcn hotline b«tir««n th« 
rrmrrf (60-80°3. 
11. Ether «xtroctft «ft»r vashiafs w©rt dM«d ovtr 
tnhycrout stMtiuv iralphttte* 
12. ?h* *e!tf vf-shod nct?f«t®d slwrtn* «trndnrAlt«d «s 
p«r Brockaanrt's procoaur* wn.5 ««piofod for eelwun 
chrsaatogrsphjr. 
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(B) Degradation studies of ring A 
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Chapter I 
SYNTHESES 
OF 
ELEMOL, EUDESMOL, DIHYDROEUDESMOL DIHYDROCARISSONE AND, EUDESM 3-EN-I2-OL 
g u n n A ft y 
12-Step synthesis of «*-eudesmol, starting from 
(-)«*-santonln has been effected. A convenient route has been 
developed for the preparation of (1) , a key intermediate in 
the above synthesis. This involves hydrogenatlon of 6-epi-
santonln and subsequent ester i f lcat ion of the resulting acid (9) . 
Catalytic hydrogenatlon of (1) in acetic acid- HC1 in the 
presence of Ft catalyst furnishes (6 ) . The ester (2) , a key 
intermediate in eudesmol synthesis, has been prepared by two 
different routes. The f i r s t approach involves the action of a 
strong base on the tosylhydrazone of (1); the second approach 
which i s more convenient involves dehydration of (7) in the 
presence of PX^-pyridine . Oxidative decarboxylation of (3) 
furnishes the ester (4) which has been transformed to 
<x-eudesmol (5) through the following sequence of reactions: 
(a) saponification (b) oxidation with Jones reagent (c) treatment 
with MeMgl. A similar sequence of reactions has been employed 
in syntheslsing dihydroeudesmol (9) &sm which i s prepared 
through hydrogenatlon. <••) C^O 
Elemane-2,3, l l -triol syntheslsed from santonin has been 
transformed to elemol through the following sequence of 
reactions 03) tosylation (B) transformation of the resulting 
ditosylate ( i ^ ) to diiodocompound (13 ) with Nal in acetone (G) 
dehydrohalogenatlon with potassium tertiary butoxide in dimethyl-
sulphoxide. The preparetion of the diketone (11) from (10) 
i s also described. 
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1 
Terpen*s1*8*3 have been classically identified 
through the recognition of an lsoprene pattern in their 
carbon skeleton. It is the number of these significant 
Cg units in a compound that has given rise to a simple 
primary classification system. The organisation of lsoprenyl 
carbon skeleton with in each primary class then gives rise 
to various secondary classes. This arbitary classification 
based on carbon number and selected carbon skeleton are 
recognisable in a number of naturally occurring compounds. 
Elemol (I) is a monocyclic sesquiterpene alcohol 
vlth elemane skeleton (la). 
Eudesmol (II) dihydroeudesmol (III) and dihydro-
carlssone (IV) have daea eudesmane (Ha) skeleton. 
A synthesis of the above mentioned sesquiterpenes 
(I, II, III, IV) have been carried out in this laboratory. 
We confine our discussion only to elemanlc and 
eudesmanlc compounds. 
A brief survey of some of the naturally occurring 
terpenes (1) elemane skeleton (Chart II) and (2) eudesmane 
skeleton (Chart III, IV) is presented in this Chapter. The 
details of source can be had from the references cited. 
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The c r y s t a l l i n e monocyclic sesquiterpene alcohol , 
elemol ( I ) C15H2gO was f i r s t i so la ted by Clover1 from 
Manila Elerai o i l . Soma et a l . disapproved the s t ruc ture 
proposed by Ruzicks et a l? by synthesising l - i retbyl-2,4-
diisopropyl bsnzene ( I I ) and shoved i t to be iden t ica l with 
the product of dehydrogenation of elemol ( I ) . Therefore the 
besic skeleton of elemol can be represented by ( l a ) . 
Monocyclic sesquiterpenes undergo f a sc i l e cycl isa t ion 
t o b icycl ic ones as shown by the example of germacrone ( I I I ) 
to sel inane (IV) and also by the ten-membered cycl ic lactone 
oihyirccostunol ide (V) which on hydrogenstion with Adams 
cata lys t in HAc gives santonolide ' c ' (VI). The cyclised 
products are eudesmanic types with C^G angular methyl and 
Cj isopropyl side-chain oriented in the same di rect ion i . e . p. 
The biogentic approach of Ruzicka® extended by 
Hendrickson*7 finds ready analogy in the laboratory (VIII, IX, 
I ) . Thus dihydrocostunolide (V) on pyrolysis affords saussurea 
lactone(VII) in high y i e ld s . Synthetic approach elaborated 
8 9 
by Halsall e t a l . and Bhattacharyya et a l . through di f ferent 
routes shows tha t elemol has the stereochemistry and absolute 
configuration represented by ( I ) . 
Ha l sa l l 3 had prepared elemsne-2,3,11 t r i o l (Xa) from 
elemol and from ("0-epi-«-cyperone of knovn stereochemistry; 
(both the samples were found to be ident ica l} Hence the absolute 
c o n f i g u r a t i o n ( I ) . 
9 10 Bhattacharyya *'l,w confirmed the absolute configuration of 
saussurea lactone by the t o t a l synthesis of tetrahydrosaussurea 
10 
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u 
lactone (XVIII) of established stereocheral*try and 
absolute configuration. Blemol (I) was converted to 
(XVIII) by the step3 indicated below where reactions do not 
involve or produce any stcnruocheml cal changes at the 
asymmetric centres (Chart No.2). 
1. Elemoi en hydrogenation furnished tetrahydro-
elemol (XIII). 
2. Tetrahydroelemol benzoate (XIV) on pyrolysis furnished 
tetrahydroelemene (XV). 
3. Tetrahydroelamene on hydroboratlon gave the primary 
alcohol (XVI). 
4. ue3d tetraacetate oxidation, followed by chromic acid 
oxidation afforded the tetrahydro saussurea lactone (XVIII). 
This unambiguous conversion of elenol (I) to tetrahydro-
saussurea lactone (XVIII) convincingly proves that the stereo-
chemistry of elemoi is represented by the structure (I). 
Naturrl sources that offer euaesmanic compounds suffer 
from inconsistency in yields and in purity of the products. 
Admixed with isomers the individual compounds are difficult to 
purify. Synthesis to a very large extent annuls the defects. 
«*-Cyperone provides a typical example of an eudesmanic compound 
save for the synthetic route developed by Pier and Cheng1*. 
Striking advantage offered by the synthetic routes js the 
many intermediates whose stereochemical purity can be checked 
to ensure stereochemical^ pure product. A second look at the 
12 
synthesis of agarofuran helped Marshall et al. to revise the 
12 
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s t ructure proposed by Bhattacharyya*3 and co-workers. 
Here a re some of the synthesis of eudesmanlc compounds 
developed by the authors quoted under references 
^-santonin* 4 , p-eudesmol , Y-eudesmol , ^-sellnene*' ' ' , 
«x-cyperone , «*-agarofuran19, Juniper camphor2*-*, Costol , 
cos t i c ac id 2 2 e t c . 
Of these , the f i r s t two compounds are discussed below 
at some length wiU> special emphasis on the i r synthesis . 
santonin 
14 
Abe et a l . in 1954 synthesised santonin, a out-
standing piece of research work. The steps involved a re : 
i . 3-i»ato-4,9-dimethyl-l ,2,3,?,8,9-hexahydronapbthalene 
(IX) which was condensed with die thyl malonate (X) to furnish 
eusantonane (XI) (Chart No. 3 ) . 
2 . Dehydrogenation of (XI) with selenium dioxide gave the 
conjugated dlenone e s t e r (XII) . 
3 . Alkaline hydrolysis of (XII) and resolut ion of the 
acid through brucino s a l t afforded the enantiomers 
d-acid (XIII) and 1-acid (XHIa) . 
4 . The 1-acid (XIII ) was decarboxylated by boiling with 
co l l l a ine to yield the op t ica l ly ac t ive (XIV) and i t s 
c l l ~ e P i m e r » 0 n t rea t ing the decarboxylation product with 
selenium dioxide in ace t ic acid an equator ia l hydroxy group 
wa3 introduced a t Cg to produce the hydroxy acids (XIV) and 
(XV;) which immediately lactonised to give (1) ^-santonin (XV:) 
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U) 
and B-3antonin. The separation of the isomers was done 
on the basis of the i r c r y s t a l l i n e forms. 
P-Kudesmol 
The simplest of the s t ruc tu ra l types i s noteworthy 
for i t s ro le in the s t r u c t u r a l corre la t ion of terpenes and 
s t e r o i d s . This carbon frame work of p-eudesraol, including 
i t s C4 exocyclic methylene grouping reappears in a number of 
i t s closely re la ted spec ies , v i z . costol cos t ic acid. 
He«thcock and Kelly1 5 have recently reported the 
synthesis of (+) p-eudesool s t a r t i ng from the readi ly 
avai lable bicycl ic ketone (XVI). This ketone was transformed 
to the benzoate (XVII). 
2. The benzoate on treatment with sodium borohydride and 
NaOH, gqve the homoallylic a-|CDhol (IX). 
3 . Reaction of (XX)wl th P B ^ , followed by treatment Mg, gave 
the Grignard reagent (XIX). 
4 . Carbonation of the Grignard reagent furnished the acid. 
The diazomethane treatment converted the acid to the es te r (XXI). 
5 . The e s t e r (XXI) on react ing with methyl magnesium iodide 
gave (•) nor-T-eudesmol (XXII). 
6. Hydrobor^tion of ( M i l ) produced the diol (XXIII) and 
the oxidation with Jones reagent furnisned the keta l (XXIV). 
7 . Kets ls were isomeriaed with sodium methoxide to yield 
the single frrons fused ke ta l (XXIV). 
Hi 
8. Action of methylene t r lphenyl phosphorane in DMSO 
on (XXIV) furnished the (•) p-eudesmol (XXV). 
Marshall2** used the same bicycl lc ketone as well as 
24 
Pinder e t a l . Huffman and Mole2^ had used di f ferent method 
where Robinson-Mannich annelation sequence to construct the 
b icycl ic skeleton was not used. 
( 
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A search in chemical abs t rac t indices upto the 
year 1971 reveals about t h i r t y odd sources from which 
eudesmols have been i s o l a t e d . I so la t ion of pure «-eudesmol 
( I ) from natural sources i s a d i f f i c u l t operation as i t 
i s accompanied by B-eudesmol ( I I ) Y-eudesmol ( I I I ) and 
a number of other sesquiterpene a lcohols , von Rudloff has 
Indicated t h i s d i f f i cu l ty in his work. 
The b icyc l ic sesquiterpene alcohol (C^jH^gO) 
^-eudesaiol ( I ) (m.p. 32-83°, (°0D + 31°) was f i r s t i so la ted 
by Baker and Smith2 . I t s s t ruc tu re ( I ) and absolute 
configuration i s based on i t s chemical transformation. 
Humber and Finder have synthesised <<-eudesmol s ta r t ing 
from ( + )-cer issone of proven s t ructure and configuration (IV). 
Metslamine reduction of the ketone (IV) furnished t rans 
dihydrocarissone (V). Subsequent condensation with p-toluene 
.sulfonyl hydr^zide afforded the ^ydrozone (VI) which on 
heating with sodium ethylene glycols to provided <*-0udesmol ( I ) . 
Scarci ty of eudesmols and the i r importance in the 
synthesis lea us to examine several possible approaches for 
the synthesis of K-eudeswol ( D from the read i ly avai lable 
s tor t ing mater ia l s . The r e s u l t s of the Invest igat ion are 
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presented in t h i s Chapter. Our inves t iga t ion of synthet ic 
methods for the elaborat ion of terpenoids resul ted in a 
highly s t e reo - se l ec t ive synthesis of <H-eude3raol ( I ) , dihydro-
carissone (V)f elemol (Xa) and re la ted compounds. Hydrogenstion 
of eudesacis furnishes a mixture of dihydroeudesmol (VII) 
and 4-epi aihydroeudesmol (VI I I ) . The major component of 
the nixture i s dihydroeudesmol. 4-fcpi dihydroeudesmol (VIII) 
was synthssised by Kulkarni and Rao4 through the route shown 
in the Chart No.2. The synthesis of dihydroeudesmol (VII) the 
major aytfrogenotion product of eudesmols i s described in 
t h i s Chapter. The t r l o l (IX) prepared from (-)-«<-santonin (XI) 
was ava i lab le to us from the inves t iga t ions of Kulkarni 
and Rao . i t has now oeen transformed to che c ry s t a l l i ne 
sesquiterpene alcohol e leaol* (X). 
In our present work (-)-«x-santonin (XI) was chosen as 
the s t a r t i ng material for i t s proven worth in t h i s laboratory^ 
and elsewhere to synthesi3e a large number of eudesmanlc and 
elemanic compounds. Accrued advantages offered by the 
c r y s t a l l i n e sesquiterpene (XI) for the synthesis of 
«x-9udesuiol ( I ) dihydrocariaaone (V) and dihydroeade3taoi (VII) 
a r e , (1) t»ucie3raoi (I) and santonin (XI) have close s t ruc tu ra l 
resemblance. Both have 
(a) eudesmane skeleton (XIa) 
(b) same absolute configuration a t Cy and C^Q 
(2) Stereochemistry of ( - ) -«-santonin (XI) has been rigorously 
es tabl i shed both by chemical and X-ray methods of ana lys is^ . 
•Refer L.J. Pa t i l and A.S. Rao, Tetrahedron Le t t e r s . 
2273 (1967) 
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(3) Santonin i s readi ly avai lable and i t s puri ty can be 
checked as i t has a sharp melting point , 
The transformation of (-) "-santonin (XI) to the keto 
e s t e r (XXI) was s tudied. The keto e s t e r (XXI) appeared to be 
an excel lent intermediate for the synthesis of <*-eudesracl ( I ) 
since the keto e s t e r has the required frraqs, fused decalin 
r ing system. The e s t e r has been prepared by Kulkarni and Rao 
s t a r t i n g from (-)-«*-santonin (XI). They have followed the 
Q 
method of Bruderer a t a l . and reduced (-)-«*-santonin with Li 
in l iquid NH3 when the conjugated acid (XII) >ris obtained. 
Further reduction of the conjugated acid (XII) with Li in 
15auld NHr. furnished the keto acid (XIII) which wss e s t e r i f i ed 
with dlsaooe^hane t c furnish the keto e s t e r (XXI). The stereo 
chemistry of (XXI) at the newly introduced a symmetric centres 
G4 and Cg was assigned by the?i Cor the following reasons, 
a) Xeto-ester (XXI) i s net epimerised1'-5 or. refluxing 
with methsnolic hydrochloric ac id . Therefore C4-methyl i s in 
a therffiodyr^raicelly s table configurat ion. 
b) Si&iiar reductions?-^ of «,p-un saturated ketones 
s t r uc tu r a l l y r e l s t e a tc the keto acid (XII) are known 
to give t^ranfl-aecalone de r iva t i ve s . By analogy the s tereo-
chemistry cf the acid (X1I1) ano consequently i t s methyl 
e s t e r (XXI) are cor rec t ly representee; as shown (XXI). 
c) The op t i ca l ro ta tory dispersion curve of the keto-
es t e r (XXI) i s In good agreement with assigned s te reo-
chemistry. I t exh ib i t s a pos i t ive Cotton #PP#efc as 
•M 
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predicted by the Octant r u l e 1 2 . Djerassi and Klyne13 have 
recorded the ORD curves of a number of decalones of the 
type (XXIa and b) which have 0-oriented (axia l ) angular group a 
a p-oriented (equator ia l ) side-chain and a methyl subst i tuent 
a t C4. Compounds with C4-methyl-«<-oriented (equator ia l ) 
exhibi t a pos i t ive Cotton effect curve of large amplitude 
so also the keto e s t e r (XXI). 
We observed tha t the reduction of (-)-«<-santonin with 
9 
LI in l iquid NH„ as carr ied out by Bruderer et a l . often 
furnished e r r a t i c * r e s u l t s and i t was not always possible to 
obtain the keto acid (XII) as c r y s t a l l i n e so l id . Further-
more we considered tha t the method of Kulkarni and Rao4 for 
the preparation of keto acid (XIII) i s not well suited for 
large scale runs as i t involves two separate reductions with 
Li in l iquid NHg. Hydrogenation of santonin (XI) has been 
7 
extensively studied . Though the C5-0 bond of santonin i s 
a l l y l i c to the ethylenic linkage at C4-Cg, hydrogenolysis 
does not take place extensively during hydrogenation. This 
i s probably due to the Cg-0 bond in santonin being quasi-
equa to r i a l . Dauben e t a l . have shown t h a t Y-santonin (XXIb) 
which has the Cg-0 bond quasi-axial undergoes extensive 
hydrogenolysis during hydrogenation. Hence santonin (XI) 
was converted to i t s 6-epimer (XIX) according to the method 
of Nakazaki and Naemura®»15. When 6-episantonin (XIX) 
was hydrogens ted in acetone in the presence Pd-C (5j6)t as 
an t ic ipa ted i t underwent hydrogenolysis. The saturated keto 
*After our work was completed, we have come across a paper by 
Piers and Cheng** who have noted tha t the reduction of santonin 
with Li in liq.NH"3 i s not sui ted for large scale preparation 
of keto acid (XII) . 
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acid (XIII) on refluxing with MeOH-HCl furnished the keto-
a s t e r (XXI). The stereochemistry assigned to (XXI) obtained 
from hydrogenation of 6-episantonin (XIX) i s based on 8 
comparison of i t s IR and NMR spectra with those of the 
authent ic sample of the ke to-es te r (XXI) prepared by us 
4 
according to the l i t e r a t u r e method. Further confirmation was 
provided when the ketoester (XXI) prepared from 6-epi-
santonin could be converted to the c r y s t a l l i n e 2 :4 -d in i t ro -
phenylhydrazone iden t i f i ed through m.p. , IR and NMR spectra . 
After successfully developing a convenient route for 
the preparation of ke toes ter (XXI) i t s conversion to 
unsaturated e s t e r (XXVI) was inves t iga ted . 
Condensation of a ketone or aldehyde with p-toluene 
sulfonyl hydra aide 6 (1) in the presence of a mineral acid 
furnishes the corresponding hydra zone (2 ) . The tosyl hydrazone 
suffers decomposition when t rea ted with metal l ic sodium in 
ethylene glycol to form an olef in ( 7 ) . The react ion being 
formally an elimination react ion*?, accompanied by a shif t of 
hydrogen, i s Bamford-Stevens reaction*®. In the absence of 
pro t ic solvents the mechanism i s carbenoid. The f i r s t two steps 
involve the formation of a diazo compound with compounds 
containing no 0-hydrogen. The diazo compound loses Ng, hydride 
sh i f t follows to provide the o l e f in . There are indica t ions 
that the steps indicated are simultaneous and no free carbene 
19 i s involved . In Bamford-Stevens react ion sodium raethoxide i s 
commonly used as a base. Shapiro and Heath^O repor t s a 
3 
new synthesis using aLkyl l i th ium. Finder e t a l . synthesised 
eueudesmol from ( + ) carlssone using Baraford-Stevens react ion 
using sodium ethylene g lyco la te . 
We I n i t i a l l y studied the Bamford-Stevens reaction 
with the read i ly avai lable «<-tetrahydrosantonin (XXII). The 
ketone (XXII) gave the hydrazone (XXIII) m.p. 183° (decomp.) 
c ry s t a l l i s ed from methanol. 
The hydrazone (XXIII) on decomposing with sodium 
ethylene glycolate in Ng atmosphere followed by ac id i f ica t ion 
furnished the -compound (XXIV). IR spectrum shows bands a t 
12.2P and 12.9// (C*C) for the olefin and the NMR spectrum shows 
s ignals a t 8.197 (at C4- CH3); 4.377 (1H, broad, Cg-H 
o l e f l n i c ) . 
Ketoacld (XIII) in methanol-cone. HC1 acid mixture 
(1:8) was refluxed with p-toluene sulfonyl hydrazlde for 
1.5 h r s . The resu l t ing product was refluxed with sodium 
ethylene glycolate in Ng atmosphere for 3 h r s . The yield of 
the o le f in ic acid was poor. 
The hydrazone of the ke toes ter (XXI) was prepared by 
condensing with p-toluene sulfonyl hydrazlde (1) in methanol-
conc. HC1 acid mixture (1 :8 ) . The hydrazone was not i so la ted . 
The hydrazone on refluxing with sodium ethylene glycolate in 
N2 atmosphere furnished the unsaturated acid (XXVIa) as 
sodium s a l t ; the acid on treatment with raethanollc hydrochloric 
acid furnished the es te r (XXVI), purif ied by chromatography 
pm alumina (Gr. I I ) (IR showed bnnds at 12.2// and 12.9// 
MART -- 4 
9<) 
0 X 
4 
= H 
.>vv 
0 c = 0 
XX li 
R--NH-NH-, 
R - - S 0 2 - C 6 H 4 C H 3 
-I-- \ • ..^ 
1 I H I 1 
NH—R 0 C^-0 
XX ill 
I Bam ford - G7?ven' 
• 
^ ' 4 
0-
X X ; V 
H 
CO-, Me 
NH NHo H( 
M 
H 
P - N h 
X. X 
SO H 4 C - i x 
X X v' 
t , Ban-:'i; -'.' - Steven 
i:, Me OH - HC 
4 ^ 
H H 
CO? Me 
X X V 
;JU 
(C=C). NMR showed s ignals a t 8.47 (C4-CH3) 4.57 
(1H, broad, C3 - H). 
In the ke toes ter (XXI) the C4-raethyl i equator ia l 
and C4-H i s a x i a l . If the Cg-ketone i s reduced 1n such a 
fashion tha t i t y ie lds the C3 «<-hydroxy compound (XXVIII; 
-OH at C3 i s ax i a l ) the required unsaturat lon between C3 and 
C4 can be conveniently introduced since the der iva t ives of 
hydroxy e s t e r (XXIX) has the necessary stereochemical 
arrangement of groups a t C3 and C4 to undergo fac i l e tfrq.ns 
d iax ia l e l imina t ion 2 1 . Rapid c a t a l y t i c hydrogenation of 
cyclohexanones in the presence of mineral acid i s known21 
to furnish predominantly ax ia l a lcohols . The keto es te r (XXI) 
in a solution of g l ac i a l acid and cone. HC1 acid (50:3) on 
rapid hydrogenation with PtOg ca ta lys t furnished the acetate 
(XXVII) which was purif ied through chromatography over 
alumina (Gr. I D (IK spectrum, in l iquid film showed bands a t 
5.7 and 6 .8^ . NMR spectrum shows c h a r a c t e r i s t i c band s ftt 
5.17 (1H, half height width 7Hs C3 -H, equator ia l proton); 
6.377 (3H, s i n g l e t , -COgCHg). Saponification of the aceta te 
(XXVII) furnished the hydroxy acid (XXVIII) which was t r ans -
formed to the hydroxy e3ter (XXIX) by treatment with methanol-
22 HC1 (House e t a l . had used P0Cl3-pyridine mixture to 
dehydrate t e r t i a r y a lcoho ls ) . We found the reagent to give 
poor y ie lds of (XXX) with hydroxy acid (XXVIII) but the 
dehydration of the hydroxy es te r (XXIX) furnished the 
unsaturated e s t e r (XXVI) in sa t i s fac to ry y i e l d s . 
a 
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The dehydration of the eater vfas successfully carr ied out 
22 
under the experimental conditions reported . This involved 
t r e a t i n g the e s t e r in pure dry methylene dichlor ide with 
POCI3 pyridine mixture. The product was purif ied through 
chromatography to afford the unsaturated e s t e r (XXVI) 
(IR spectrum shows bands s t 12.2 and 12.9A-' (C = C); 
NMR signals a t 4.657 (111, broad C3 - £ ) ; 8.47 (3H, s ing le t , 
C4 - CJig) • 
The hydroxy acid (XXVIII) was converted to the 
acetoxy compound (XXVIIIa) by acety la t ion with NaOAc-HAc. 
The ace ta te (XXVIIIa) on decarboxylation with lead t e t r a c e t a t e , 
yielded the acetoxy compound (XXVIIIb) (NMR gave cha rac t e r i s t i c 
s ignals a t 8.007). 
As a l i t t l e extension of our work we wished to use the 
in termediate , unsaturated es te r (XXVI) for the preparation 
of z^-a lcohcl (XXXa). Unsaturated e s t e r on LAH reduction in 
ether furnished theA^-a lcohol (XXXa) in high y ie lds 
(IR spectrum shows bands a t 3.9// (for -OH) end at 12.2// (C=C); 
NMR shows s ignals a t 8.047 (1H, s i n g l e t ; on DgO exchange 
vanishes) ; 4.667 (1H, broad, Cg-jJ); 8.47 (3H, s ing le t , 
C4 " c ^ ' 
33 
Oxidative dacerVoxylstion cf acids with lesd 
tetraacetate in the presence of pyridine affords ester 
24 
in hi^h yields , K.eto aci'd (XXX) in benzene and dry 
pyridine when oxidatively cecnrboxyloted in Ng atmosphere 
gave the acetoxy compound (XXXIa). 
Saponification of the acetate (XXXIa) with ethanolic 
K.OH in N£ atmosphere followed by Jones2** oxidation furnished 
the ketone (XXXII). Methyl magnesium iodide reacted with 
the ketone (XXXVI) to give (+)-«-eudesmol (I). The identity 
of the product synthesised by us was established by 
comparison of its TLC behaviour with that of the authentic 
sample. 
Dihydrocarissone (V) has been prepared by Humber and 
og 
Pinder by the metalamine reduction of (+)-carissone (IV). 
We have prepared dihydrocarissone (V) an intermediate for the 
synthesis of «ueudesraol from the ke toes ter (XXI). Oxidative 
decarboxylation of the katoacid (XIII) furnished the acetoxy 
compound (XXXVII) in 69$ yie ld Z^Oy * 32 (G, 1.5 in CHClg? 
MMR 3pectrura shows prominent signal a t 8.037 (3H, -0-COCHg); 
5 .3 (1H, broad, G 1 1 -2 ) saponification of acetoxy compound 
(XXXVIIa) followed by Jones 2 5 oxidation of the resul t ing 
alcohol afforded the diketone (XXXVIII). Conversion of 
diketone to dihydrocarissone i s reported in l i t e r a t u r e 2 8 . 
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The e s t e r (XXVI) has been transformed to dihydro-
eudesmol (VII I ) . Hydrogenatlon of the es te r in s thyl alcohol 
with PtC>2 ca t a ly s t furnished the saturated es te r (XXXIII) 
pur i f ied by chromatography over alumina (Gr. I I ) ZT<<)£> • 30° 
(c , 1.6 in CHClg27; NMR showed c h a r a c t e r i s t i c s ignals a t 
5.47 (3H, -COgCH ) . 
" ""3 
IR spectrum of e s t e r (XXXIII) was iden t i ca l with that 
of the authent ic sample of th e methyl es te r of tetrahyciro-
cos t ic acid (XXXIII) kindly provided by Drs. Kelkar and 
Bawdekar of t h i s laboratory . Saponification of the saturated 
e s t e r (XXXIII) furnished acid (XXXIV) which on oxidative 
decarboxylation gave the acetoxy compound (XXXVa). The acetoxy 
compound afforded the alcohol (XXXVb) on saponif icat ion. Jones 
reagent oxidised the alcohol (XXXVb) to furnish the ketone (XXXVI) 
The IR spectrum of (XXXVI) obtained by us by the above 
route was iden t i ca l with that of the authentic sample of 
the ketone (XXXVI). Treatment of the ketone (XXXVI) with 
methyl magnesium iodide furnished dihydroeudesmol (VII) 
iden t i f i ed by d i rec t comparison (m.p. mixed m.p.; IR »nd NMR) 
with authent ic sample. 
Recently a number of sesquiterpenes having elemane 
skeleton (Xc) have been i so la ted from natural sources 2 7 . 
Probably many of them are a r t i f a c t s formed by the thermal 
rearrangement of corresponding germacrane d e r i v a t i v e s 2 7 * 2 8 . 
However, i t has been shown that Vernolepin (XXXIX) a dilactone 
i s not an a r t l f i c a t 2 7 . A number of elemane der iva t ives 
including saussurea lactone (XL) and elemol (Xa) have been 
synthesised * , s t a r t i ng from su i tab le 3-oxo eudesmanes 
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Involving the f iss ion of C2-C3 bond. 
A sample of t r i o l (IX) syntheslsed from ( - ) -* -
santonin (XI) was available to us. We have now been able to 
transform the t r i o l to elemol and thus achieve a new synthesis 
cf elemol3 0 . The t r io l on tosylation furnished the 
31 dltosylate (XLI). The dltosylate was converted to the 
diiodo compound (XLII) on treating with Nal in acetone. 
DehydrohaLogen&tipn31 of the iodo compound (XLII) with 
pet.terbutoxide in DMSO furnished elemol (Xa). 
A different approach for the synthesis of dihydro-
eudesmol (VIII) and related compounds which could not be 
carried out t i l l the end i s presented below. The lactones 
(XLIII and XLV) and the corresponding d io l s (XLIV, XLVI) can 
be readily prepared from santonin (XI). We attempted the 
conversion of the diol (XLVII) to the mono as ethyl ether* 
(XLVIII) by the se lect ive methylation of primary hydroxyl 
group. 
However, the required se lect ive methylation could 
not be carried out in satisfactory yields (Chart 8 ) . 
The monomethyl ether (XLVIII) appears to be an attractive 
intermediate for the synthesis of 4-epidihydroeudesmol 
(VIII) through the following route. 
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Dry dimethylformamlde (475 g) was saturated with dry 
HC1 gas (unti l the weight of DMF increased by 5% of the weight 
taken). (-)-*-Santonln (.(XI) (50 gm)] was dissolved in i t and 
the solution heated over a waterbath (80-90°) with a reflux 
condenser provided with a guard tube for 3 to 4 hrs . ; l e f t the 
contents of the flask overnight. The red orange solution was 
diluted with water (350 ml) and extracted with chloroform 
(4 x 50 ml). Chloroform layer was washed successively with 
saturated brine (2 x 100 ml), sodium bicarbonate solution 
{5%; 2 x 100 ml) and f inally with water (3 x 50 ml). Solvent 
was removed under suction (so that the temperature Inside the 
flask did not exceed 50°) and residue was chromatographed over 
ft 
alumina (Or. II ; 540 gm). FractionNelut*d w4%h benzene afforded 
a i solid which on recrystal l i sat lon from ethyl acetate and 
washing the crystals with ether-BMace tone (1:1) mixture 
furnished 6-e pi-santonin (XIX) m.p. 102-103° ( l i t . 1 6 102-104°). 
flYflrwafitlvQ of (-M-fp^-santonln 
6-e pi santonin (XIX m.p. 10 gm; 102-103°) and 5% Pal lad i sect 
charcoal (0.5 g) in acetone (150 ml; purified by refluxing with 
pot.permanganate) was stirred in hydrogen atmosphere (atmospheric 
pressure 748 mi; 28°) . Hydrogenated product was f i l tered and the 
solvent removed under suction. The residue in benzene was shaken 
up with sodium hydroxide solution (2$; 750 ml) and the organic 
layer washed free of alkali with water (3 x 100 ml) combined 
aqueous alkaline layer kept separately (B). 
Benzene layer was dried and solvent removed. Residue 
was refluxed with methanol-hydrochloride acid mixture (100 ml 
of the solution containing 2 ml of ION HC1) for 3 hrs. Cooled, 
the mixture diluted with water (100 ml) and extracted with ether 
(3 x 75 ml). The ether extract was washed with saturated brine 
(2 x 100 ml), then with water (2 x 50 ml). Ether layer was 
dried and solvent removed to give a solid, which on recrystalll-
sation from methanol furnished the tetrahydrosantonin (XH) 
(4 gm) m.p. 164°. 
(B) Combined aqueous alkaline layer was acidif ied with 
dll.HCl (100 ml of 2N HC1) and extracted with ether (3 x 100 ml). 
Ether extract w*s washed with saturated brine (2 x 50 ml) 
followed by water (2 x 100 ml) dried, solvent removed to 
furnish 3-oxo-4,llp(H)-5«(H)-eudesman-13-olc a d d (XIII). This 
purification. 
material was used in subsequent experiments without further/ 
The moisture free 3-keto acid (XIII) in a solution of 
methanolic-hydrochloric acid mixture (2 ml of ION HC1 In 100 ml 
of the solution) was refluxed for 3 hrs. The mixture was 
cooled diluted with water (100 ml) and extracted with ether 
(3 x 100 ml). The ether extract was washed free of acid with 
saturated brine (3 x 50 ml), water (2 x 50 ml), dried and solvent 
removed. Residue (8.4 gm) was d i s t i l l e d to furnish the methyl 
ester (XXI) b.p. 170-190° (bath temp.)/3 mm; yield 4.8 gm; 
(°Of) • 39° (c , 2.3 in CHC13). IR spectrum (in liquid film) 
shows bands at 5.7j*, 5.8** (scissoring) 6.85, 7 ,2 , 7 .4 , 7.93, 
8 .6 , 9 .2 , 9 .4 , 10, 10.5, 11.2, 11.4, 11.7, 12.7 and 13.1//. 
NMR spectrum(in CCI4) shows signals at 9.087 (Cj^-CHg, 
11 
J - 7 cps); 8.927 (3H, s ing le t , angular Cfl3 on C1 0); 8.897 
(1H, doublet, C4- CHg); 6.287 (3H, s inglet -CO2CH3). 
Ti-L Methyl ester (XXI; 0.139 gm) and 2*4-dinitrophenyl-
hydrazine (0.120 gm) In methanol (10 ml) were refluxed for 
15 minutes; cone. HC1 (0.5 ml; ION) was added to the above 
and continued the reflux for 15 more minutes. The solid that 
separated out was crystal l ised from methanol m.p. 150-51° 
( l i t . 3 2 reports 150-51). Mixed a.p. with authentic sample 
was undepressed. 
NMR spectrum shows signals at 8.997 (3H, s ing le t , angular-CHg 
on C1Q); 8.837 and 8.797 (two doublets, J « 7 cps; -CHg on 
C4 and C u ) ; 6.287 (3H, sharp s inglet -C^.CIg) . 
fteWfition Qf Ketoestfir {UD with ^ B S o»t«lvgt 
The keto ester (XXI; 2.15 gm) In a mixture (50:3) of 
glacial acetic acid (50 ml) (purified by refluxing over 
chromium oxide) and cone.hydrochloric acid (3 ml; ION, HC1) 
was stirred with platinum oxide catalyst (0.2 gm) in an atmosphere 
of hycrogen (30 ml; atmospheric pressure 742 mm; 28°). The 
solution was filtered free of catalyst and the filtrate was 
diluted with water (100 ml) and some acetic acid removed under 
suction. The residual solution was treated with saturated 
ammonium sulphate solution (100 ml) and extracted with ether 
(3 x 100 ml). Ether layer was washed with sodium carbonate 
solution (2 x 50 ml) followed by water (2 x 50 ml). Ether extract 
was dried and solvent removed to furnish the product (1.8 gm) 
which was purified through chromatography over alumina 
42 
(Or.II, 2 go). Pet.ether*benzene mixture (1*1, 100 ml) 
eluate on removing the solvent furnished a residue (0.85 gm), 
which was d i s t i l l e d at 140-160°(bath temp.)/3 mm to furnish the 
pur ester (XXVII) («0§6 Nil . 
Analysis 
Found: C, 69.64; H, 9.74 
C18H30°4 r e < ? u l r e s * c» 69»84; H, 9.6858. 
IR spectrum (liquid film) shows bands at 5 .7 , 6 .8 , 7 .2 , 8, 8.7, 
9 , 9 .2 , 9 .8 , 10, 10.3, 10.7, 11.8 and 13.1/v. 
NMR spectrum (In CCl^) shows signals at* 8.007 (3H, singlet 
CH3-C-O) 6.377 (3H, s ingle t , -CO^iL) 5 - l 7 <*H» half height width 
7 Hz) equatorial proton on Cg-H). 
Conversion, of .toyflrgxy qc|d ( p v i l i ; ) to mefflY^9'hY^rff3[Y-4i 
A solution of the hydroxy acid (XXVIII; 1.20 gm) In 
methanollc hydrochloric acid (50 ml of the mixture; 2 ml of 
ION HC1 In 48 ml of methanol) was refluxed for 3 hrs. Refiuxed 
mixture was diluted with water (50 ml) and the product was 
isolated in the usual manner. Removal of the solvent followed 
by d i s t i l l a t i o n at 175°-190° (bath. temp.)/2 mm furnished the 
methyl ester (XXIX; 1.10 gm). 
Pound* C, 71.142; H, 10.44 
C16H28°3 requires* C, 71.60; H, 10.52$ 
IR spectrum (in l iquid film) showed bands at 2 .9 , 3 .4 , 5 .7 , 6.83, 
7 .2 , 7 .9 , 9 .1 , 9 .1 , 9 .5 , 9 .8 , 10, 10.4, 10.5, 11, 11.25, 11.4, 
11.8, 12.1 and 13.1^. 
4 3 
NHH spectrum (showed signals at 6.47 (-CO-CH3) which 
overlaps with the signal due to Cg-H. 
AcoUto of the hyqrvEY a?W UXVIM) 
The hydroxy acid (XXVIII; 1.64 gm) in freshly d i s t i l l e d 
acet ic anhydride (3.21 gm) and freshly fused sodium acetate 
(1.1 gm) was refluxed for 2 hrs. The cooled solution was poured 
on to i ce cold sodium carbonate solution (10£ 30 ml). The 
mixture was stirred o v e r n i g h t s the solution shaken with ether 
and ether extract rejected. The aqueous layer acidified with 
dil.HCl (2N, 30 ml) and the product isolated with ether (2 x 50 ml). 
Ether extract was washed with saturated brine (2 x 50 ml) and 
removed 
by water (2 x 50 ml). The ether layer was drled^nd the residue 
(1.08 gmst XXVUIa), on NMR spectrum showed signals at 8.007 
(3H, s ing le t , CH3-C-0). 
6 
(a) hfH tfttiraflgfttata flqg«rto*Ylatlon 9f the aggfrf 
fflVIUfl) to thft agHoxy ftcet^e fflV?ffl? 
(b) Sap^BXnCftUQU.Qt.the figetasv acetate, 
The acid (XXVIIIa) in a mixture of (0.6 ml) dry pyridine 
and dry benzene (25 ml) was refluxed with lead tetraacetate 
(3 gms) for four hours in N2 atmosphere. Refluxed mixture was 
cooled and the excess of the lead tetraacetate was destroyed by 
adding ethylene glycol (2 ml). Diluted the mixture with 10 ml 
"WniCv. 'H 111* I." - U/V. i 
of water and the benzene layer JMMMMMCI. The aqueous layer shaken 
with benzene (2 x 10 ml) and combined benzene layer was washed 
with dil.HCl solution (8%% 5 ml). Benzene layer was washed 
with sodium carbonate solution (2 x 10 ml, 2#) , saturated 
•14 
ammonium sulphate solution (2 x 20 ml) and f ina l ly with water 
(2 x 20 ml). Benzene layer was dried and solvent removed 
under suct ion. Residue (XXVIIIb; 0.58 gm) was d i s t i l l e d a t 
140-160° (bath temp.)/3 mm. NMR spectrum (in CC14) showed 
s ignals a t 9.027 (CHg a t C1Q) 8.007 (1H, CHg-C-0, s ingle) 5.17 
(1H, half height width 7 HJS; equator ia l proton a t C3-H). 
SiPOQiflcsUon. 9C.«QftOTY cvaPQUml (WVH) %9 3-hYflro*y-4-, 
U. M)< 6(«)H-ettd^s^n-i,3-cric, aglfl Will) 
A solution of the acetoxy compound (XXVII; 1.8 gm) In 
100 ml of methanolic KOH (5 gms of KOH in 100 ml of methanol) 
was refluxed for 3 h r s . The react ion mixture was cooled and 
d i lu ted the with water (50 ml). Unsaponlfled matter was 
removed by shaking with ether (2 x 75 ml) and re jec ted . 
Aqueous a lka l ine layer was ac id i f i ed with dil.HCl (2N HC1; 150 ml) 
and the product i so la ted with ether (3 x 50 ml). The ether 
ex t rac t was worked up, and solvent removed to furnish the 
hydroxy acid (XXVIII; 1.6 gm) which was taken up for 
e s t e r l f l oa t ion. 
PghYtiraUon Qf Uie Wrpn ggfrgr iUW to A3-ggtar iun) 
A solut ion of hydroxy e s t e r (XXIX 0.268 gm; 1 m mole) 
in dry pyridine (2.4 ml) and P0C13 (0.146 ml; 33 m moles) was 
refluxed for 2.5 h r s . Cooled the contents and poured on to 
Ice-cold d i l . HCL acid (50 ml of 2N HC1) and s t i r r e d . The Product 
was i so la ted with ether and ether layer was washed free of acid. 
•15 
with saturated ammonua sulphate solution (2 x 50 ml) followed 
by water. After drying the ether extract, the solvent was 
removed. The residue (0.12 gra; yield 50#) on d i s t i l l a t i o n 
at 135°-166°(bath temp.)/3 mm furnished the o lef inic ester (XXVI). 
IR spectrum shows bands at 3 .5 , 5 .8 , 6 . 1 , 7, 7 . 3 , 7 .5 , 7 .7 , 
8, 8 . 4 , 8 .7 , 9 .2 , 9 .8 , 9 .9 , 10.08. 10.5, 11.8, 12.2, 12.6 and 
13.5//. 
NMR spectrum (in CC14) showed signals at 9.057 (C10-CHg) 
8.47 (3H, s ing le t , C4-CHg) 6.397 (3H, s inglet -COg-CHg) 4.657 
(1H, broad Cg-g o l e f i n i c ) . 
To a solution of hydroxy ester (XXIX; 0.70 gm. 3.26 m.mol) 
in methylene dichloride (17 mi; 470 m.mol) and dry pyridine 
(3.12 mlj 5? m aol) at 0° was added POCIg (0.7 ml; 9.5 m mol) 
and stirred overnight. Aie reacted mixture was poured on to 
ice (about 50 gms) and extracted with chloroform (3 x 50 ml). 
Chloroform layer was washed with d i l . H2304 (20 ml; 2N), 
then with sodium carbonate solution (5£; 50 ml) and finally 
with water (2 x 500 ml), dried and solvent removed. Residue 
(0.? gm) was chromatographed over alumina (Gr. I I , 20 gm) 
and successively eluted with pet.ether (ICO ml); pet.ether: 
benzene (1:1) (100 ml) and f inal ly with benzene (100 ml). 
Fraction eluted with bentens (0.469 gm) on d i s t i l l a t i o n at 
•1t> 
165-195° (bath temp.)/3 mm afforded the o le f in lc enter 
(0 .4 gm, XXVI) IR and NMR spectra were i den t i c a l with the 
o le f in lc e3ter (XXVI) prepared by a l t e r n a t i v e methods 
(see page 45) . 
A solut ion of the unsaturated es ter (XXVI; 0.3 gm) in 
dry ether (60 ml) was added to a s t i r r e d suspension of LAH 
(0.3 gm; 6 m mole) in e ther (20 ml) . The mixture was heated 
under reflux for 3 h r s . Excess of LAH was destroyed carefully 
and processed in the usual manner. Remoal of the solvent 
afforded a product (0.23 gm) which on d i s t i l l a t i o n at 
140-160°(bath temp.)/3 mm furnished the alcohol (XXXa). 
[TLC developed with 12# EtoAc in benzene gave Rf value 0.69; 
(s ingle spot for XXXa)._ 
Analysis 
Found: C, 79.98; H, 11.81. 
C15E26° r equ i r e s : C, 81.02; H, 11.8l£ . 
IR spectrum shows the bands a t 2.79# (-0H). 
NfMR spectrum (pege No.64) shows signals a t 8.47 (3H, s ing le t , 
C4 - Cgg) 8.047 (1H, s i n g l e t , vanished with DgO exchange) 
S.57 (2H, mu l t ip l e t , -Cfl^ OH) 4.657 (1H, broad, Cg-fi). 
To • solut ion of (-) «-santonin (XI) (20 gm) in dry 
tetrahydrofuran and l iquid ammonia (2.5 l l t r e s )was added 
lithium metal pieces (6 gms) over a period of 10 minutes with 
s t i r r i n g . After the addi t ion of the metal, the s t i r r i n g was 
continued for 15-20 minutes and the rea f t e r sol id ammonium 
47 
chloride was added (55 gm) in portions over a period of 
10 minutes r esu l t ing in the discharge of blue colour of the 
react ion mixture. Ammonia was allowed to evaporate by keeping 
the flask overnight a t room temperature; the residue was 
d i lu ted with water (500 ml) and ac id i f ied with d i l . su lphur ic 
acid (2N; 300 ml) t i l l solution was a c i d i c . The acidif ied 
mixture was extracted with e ther (3 x 250 ml), and worked up 
in the prescribed max manner. The ether solut ion was dried 
and solvent removed. Solid tha t separated was r ec rys t a l l l s ed 
from hexane-acetone mixture ( 1 : 1 ; 80 ml) to furnish the 
c rys t a l l i ne acid (XII; 15 gms) m.p. 123-4° ( l i t . 4 125-26°). 
NKR spectrum showed s ignals «t 8.7b7 (angular -CKg); 8.777 
(doublet, J * 7 cps;, G u - CHg); 8.257 (3K, s i n g l e t , C4-CH3) 
and -1.037 (-COgH). 
To l iquid ammonia (500 ml) was added with s t i r r i n g LI 
(200 mg) and an ethereal solution (100 ml) of the unsat t ra ted 
acid (2 g) under anhydrous condi t ions . After s t i r r i n g for 
30 minutes ammonium chloride was added gradually t i l l the blue 
colour was discharged. After keeping overnight the reaction 
mixture was ac id i f ied with cold d i l . HgS04 (100 ml) and 
extracted with ether to furnish a viscous ac id ic mater ial 
(1.977 g ) . The crude acid on e s t e r i f l e c t i o n with methanolic 
hydrochloric acid (100 ml; 2 ml of ION HC1) furnished the 
keto es te r (XXI) (see page No.40). IR and {(MR of the acid and 
• 1 * > 
its ester was identical with the one reported earlier 
(see page No.40). 
Oxidative decarboxylation of the keto acid (XIII) with 
The keto acid (XIII; 2.2 gms; 8.4 m mole) in dry benzene 
(30 ml) and dry pyridine (1.9 ml) was treated with a 
suspension of lead tetraacetate (8.4 gm) in benzene and the 
mixture stirred under reflux in an atmosphere of ^ for 5 hrs. 
Cooled and excess of lead tetraacetate was destroyed by ethylene 
glycol (2 ml). The mixture was taken up in benzene (30 ml) 
and washed with sodium carbonate solution (50 ml; 5%). Benzene 
layer was washed free of alkali with saturated brine (2 x 50 ml) 
followed by water; (2 x 50 ml), dried and solvent removed with 
a fractionating column. Residue was d i s t i l l e d at 180-200° 
(bath temperaturey3 mm to furnish the keto ester 
(XXXVII; 0.8 gm («)jf • 32° (c , 1.4, CHClg). IR spectrum 
(in liquid film) showed bands at 3 .5 , 6 .0 , 6 .9 , 7 .2 , 8, 8 .8 , 
9 .5 , 9.8 and 1 0 . 6 K . 
NMR spectrum (page No.65) (in CC14) showed signals at 8.007 
(3H, s ing le t , -O-COCH3). 
9<PQBUl«ltlvP-vf K«fr?!«3*er ( f l g V H l h t a .fritg fricgftttl 
aunw 
Ketoeater (XXXVlIa; 1.1 gm) in ethsnollc KOH solution 
(1.5 gm of KOH in 60 ml of ethanol) was saponified under 
reflux for 3 hrs. -The product worked up in the usual manner 
(ref. page 50) to furnish the keto alcohol (XXXVlb; 0.95 gm). 
IR spectrum showed characteristic bands at 2.8^ and 5.94//. 
It) 
2»4-Dlnltrophenvl hvdrazone of the kcto alcohol (XXXVIIb) 
A solut ion of keto alcohol (XXXVIIb; 0 .3 gm) and 
2«4-dinitrophenyl hydrazine (0 .3 gm) was refluxed for 30 
minutes. Cone. HC1 (ION, 2 ml) was added to the refluxing 
solut ion and continued reflux for 30 more minutes. Cooled the 
mixture and the product was i so la ted with chloroform (3 x 25 ml) 
and worked up in the prescribed manner. After removing the 
solvent , the residue (0.4 gm) was chromatogrnphed over 
alumina (Gr. I l l ) and eluted successively with pe t . e the r 
(100 ml); pet .ether:benzene (3s l ; 100 ml). Solid from the 
pet.ethersbenzene nm e luate was c rys ta l l i sed from raethanol to 
afford the hydra zone m.p. 121-23°. 
Aqalysjs, 
Found: C, 59.36? H, 7.20 
CgoH30K4°5 r * 3 u l r « s : c i 59.39; R, 6.98??. 
Jpneg, ox^da^on 9f ketpalpoftpl, (3qC^v;ibl.tg^dlilS^SQy ( M Y M n 
A solution of ketoalcohol (XXXVIIb; 0.2 gm) in acetone 
(10 ml) a t 0° was s t i r r e d with Jones ' reagent (3N, 1 ml) and 
the excess of the oxidant destroyed with ethanol (1 ml). The 
mixture was d i lu ted with water (10 ml) and i so la ted the product 
with e the r . Worked up the e ther ex t rac t in the prescribed 
manner and solvent was removed, and d i s t i l l e d atl60-180° 
(bath temp.)/4 mm 0.09 gm to give (XXXVIII). IR spectrum 
showed bands a t 5.8/-'. 
NMB spectrum agreed with tha t of the authent ic sample. 
<«> Preparation 9f th» tetoM {M^Ul 
no 
(b) Oxida t ive deca rboxy la t ion of t h e u n s a t u r a t e d ac id t;o 
the gcetafre (XXXla) 
< c) S a p o n i f i c a t i o n of t h e a c e t a t e t o the unsa tu r a t ed 
a l coho l (XXXIb) and J o n e s ' ox ida t ion of t h e a lcohol to 
(a ) ftaponmcqUPn 9 f , t ^ . . U Q S « ^ r a ^ e d qsfrer (%XVI? 
Unsatura ted e s t e r (XXVI; 0 .29 gm) In methanollc so lu t ion 
cf sodium hydroxide (50 ml; 1.75 gra of NaOH in 50 ml of methanol) 
was ref luxet i for .?• h r s . Cooled, d i l u t e d the rof luxed mixture 
with water (IOC nr-1) pnd shaken with e t h e r t o remove unsaponif ied 
mat te r snd r e j e c t e d . The aqueous e l k e l l n e l^yer was a c i d i f i e d 
with d i l . HC1 (75 ml; 2N HC1) and eir t rpeted with e t h e r (3 x 50 ml ) . 
Ether e x t r a c t WPS washed with s a t u r a t e d ammonium su lpha te 
so lu t i on (2 x 50 ml ) , weter (2 x 75 ral) d r i e d , and so lven t 
removed. The r e s i d u e (XXX; C.2BS; VRP tsken for decarboxyla t ion 
without f u r t h e r p u r i f i c a t i o n . 
(b) i>exaj^oxyl8j l f iQ^sLJLll£.12l^lXii i 
The acid (XXX, 0.27 gm) in s mixture of dry pyr id ine 
(0 .5 ml) snd dry benzene (2C ml) w»s re f luxed with lead 
t e t r a a c e t a t e ( 1 gm) for 4 .5 h r s . in Ng atmosphere . The mixture 
was cooled excess of lastd t e t r a a c e t a t e was des t royed by adding 
e thy lene g lycol (2 m l ) . Di lu ted the s o l u t i o n with water (10 ral) 
and benzene l a y e r vote »e«u«n) . The a iueous l ayer was 3haken 
with benzene (2 x 10 ml) , combined benzene l aye r was washed 
with d i l .HCl (2N, 5 ml) then with solium carbonate so lu t ion 
(2 x 10 ml; 2%) followed by s a t u r a t e d b r ine (2 x 20 ml) and 
r> i 
and finally with water (2 x 20 ml). Benzene layer after 
drying and removal of solvent furnished the acetate (XXXIa; 
0.35 gm) 
(c) The acetate (XXXIa; 0.34 g) In methanollc KOH (0.20 gm 
of KOH in 25 ml of methanol)was saponified under reflux in 
N2 atmosphere. The product worked up in the prescribed manner, 
furnished the alcohol (XXXIb; 0.196 gm.) TLC developed with 
30# ethylaeetate in benzene showed the absence of the starting 
acetoxy compound (XXXIa). 
tortflqtlvnvf imififrir«w alwtart {MUM tg.frftg ftgton« (MH) 
Unsaturated alcohol (XXXIb; 0.15 gm) In acetone (10 ml) 
was oxidised with Jones reagent (8N; 2 ml) followed the 
procedure employed for the oxidation of (XXXVIIb) (page No.49) 
to furnish the ketone; (XXXII) (b.p. 170-200°(bath temp.)/2 mm; 
(Held 0.1 gm). 
Magnesium turnings' (0.25 pra) for Grignard reaction and 
a crystal of iodine was placed in * flssk; wethy1 iodide 
(10 ml in 15 ml of ether) in ether was added ts the metal 
turnings and stirred in a N«> Rtraosphere. The jr.ethyl magnesium 
iodide solution wes treated with the ketone (XXXII) and stirred. 
The contents were refiuxed gently, cooled and transferred to a 
sepsretory funnel. Excess of the Grlgnard reagent was 
destroyed by adding saturated ammonium chloride solution 
(20 ml) and extracted with ether (2 x 20 nil). Ether layer 
was washed with water (2 x 25 ml), dried. The solvent was 
na 
removed and res idue was d i s t i l l e d a t 175-200°(beth temp.)/5 mm 
to provide (+)-«-eudesmol (1) (0.014 gm). On TLC developed 
with 12% £toAC In benzene i t cam compared well with authentic 
sample (donated by Dr. Shetty of NCL). 
IR spectrum was superimposable on spectrum of an authentic 
sample of eudesmol (1) . 
Preparation of th« unsaturated e s t e r (XXVI) bv Bamford-Stevens 
EgfifiUgn, 
To a solution of p-toluenesulfonyl hydrazlde (1.33 gm; 
7.5 m mol) in a mixture of cone. HOI (1 ml; ION) and methanol 
(20 mi) was added icetoester (XXI, 1.32 gm; 5 m mol) and the 
mixture was rei'luxed for 1.5 n r s . Pourea the reaction mixture 
on to ice cold saturated ammonium sulphate solution (100 ml) 
and extracted with e the r . The ether ext rac t was washed with brine 
(2 x 50 mi) followed by water (2 x 50 ml); ar led and solvent 
removed, tteslaue was purif ied by chromatography over alumina 
(Or. I I , 70 feu). Fraction wiUi bemzene elu&te famished 
hydrazone (XXV) whicn was taken up for Bamford-oteven*s 
react ion d i r e c t l y . 
The hydrazone (XXV) in hot ethylene glycol (2 ml) was 
refluxed with sodium ethylene glyodLate (1.25 gu of Na in 
40 ml of ethylene glycol) in 1*2 atmosphere at I70°-130° for 
one hour. Coolea the react ion mixture and poured on to ice 
cold solut ion of d l i . HCi (2X, 200 ml) and axtractea with ether 
(3 x 50 ml) , ether solut ion worked up to give acid (XXVIa), 
53 
The acid without further pur i f ica t ion was e s t e r i f i ed 
under the same condit ions employed to prepare the ketoester 
(XXI, see page 40) . The residue on d i s t i l l a t i o n at 
170-190°(bath temp.)/£ mm afforded a product (0.1206 gm) which 
was purit ' iea by chromatography over alumina (Gr. I I , 6 gm) and 
the fract ion with pe t . e t he r afforded unsaturated es ter (XXVI). 
IE and NMR d e t a i l s were ident ica l with those of the samples 
pr*par?d by a l t e r n a t e method (ref . page 44 ) . 
A solut ion of unsaturated e s t e r (XXVI; 0.64?) gm) in 
ethanol (53 sal) was s t i r red with platinum oxide ca ta lys t (0.1 gm) 
in hydrogen atmosphere (755 gm; 23°) . At the end of hydrogenation 
tilT.sroZ the c a t r i y s t was f i l t e r e d and the f i l t r a t e di luted 
with water (100 ul ) &:»d isol&tea the product with ether 
(2 x 100 ml) . On worxlag up, the residue (0.72 gm) was 
enrols"ographed over alumina (Gr. I I , 30 gm) and eluted with 
pe t . e the r (300 ml), ftemoval of the solvent followed by 
d i s t i l l a t i o n a t 140-150° (bath terap.)/7 mm furnished the 
pao 
es te r (XXXIII; 0.54 gm); («)£ + 30° (c , 2.4 in CHClg). 
Analysis 
Fouuds C, 76 .21 ; h, 11.34 
c i6H2oC2 r f e q u i r « 3 * c» 76.14; H, 11.18$. 
IR spoetrua (in nujoiy shows bands a t 5 .75 , 6 .9 , 7 . 3 , 7 .4 , 
8 . 8 . 4 , 3 . 3 , 9 . 1 , 9 .2 , 9 .4, 9 .6 , 10.2, 10.6, 10.8 and 11.8*/. 
NMH spectrum (in CC14) saows s igna ls at 6.65'* (3H, s ing le t , 
-CO^-CHo). No slgnfjls near 4.657 (absence of o le f ln ic double 
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bond). 
(a) Saponification of the saturated ester (XXXIII) to the 
(b) Ox^d,attlve decarboxylation of the add (XXXIV) 
! w Saturated ester (XXXIII; 0.6 g) In ethanollc KOH 
(1.2 gm of K.0H In 25 ml of ethanol) was saponified under 
raflux for 3 hrs. Cooled and diluted w4thtcontents with 
water (100 ml) and shaken with ether (2 x 50 ml) to remove 
unsaponlfled matter. The alkaline aqueous layer,, acidified with 
d i l . HC1 (50 ml; 2N HC1) and worked up In the prescribed manner 
to yield a residue (0.36 gm). Without further purification 
I t was taken up for decarboxylation. 
(o) Pacftr^ftXY^tlon 9f thff »<?lfl (XXXIV) WW U*% tatrgageW* 
The saturated acid (XXXIV; 0.2 gm) in a solution of 
benzene (10 ml) and dry pyridine (0.1 ml) was treated with 
lead tetraacetate (1 gm) and repeated the experiment as 
described in page No.48. Working up the product in the 
prescribed manner, the residue (0.18 gm) obtained was saponified 
direct ly under the same conditions as described in page No.48 
to give the alcohol (XXXVa; 0.19 g) which was taken up for 
Jones oxidation. 
Jones oxidation of the alcohol (XXXVa) to the ketone (XXXVI) 
The alcohol (XXXVa; 0.19) in acetone (10 ml) was stirred 
with Jones' reagent (1 ml, added in lo t s of 0.25 ml) at 0° . 
The product was isolated and worked up as described in 
page No.49, Solvent on removal, furnished the ketone 
(XXXVI 0.01459): IR of the ketone thus prepared was Identical 
r — ,-• 
with that of the authentic sample. 
(a) p-Toluene aulfonvl hvdrazona of «utetrahvdrosantonin (XXII) 
(b) Bamford-Stevena reaction on the hydra zone (XXIII) to give 
6.13 0(H), 5, 7« (H)-eudesa-3-en-6, 13-ollde (XXIV) 
U ) frftPftraUgP 9f hydraaone iUlll) 
A solution of *-tetrahydrosantonin (XXIII; 1 gtn) and 
p-toluene sulfonyl hs hydrazide (0.9 gra) in dry methanol and 
-cone. HC1 adid (25:3) was refluxed for one hr. The product 
was Isolated with ether (2 x 5 ml) and worked up to give 
the hydrasone (XXIII 1.23 gm) m.p. 183°; («c)§8° • 56° 
(c , 2.5 lnCHCl3). 
Analvala 
Found: C, 63.05; H, 7.65 
C22H30°4R2S r 0 q u l r « 8 1 c» 63.14; H, 7.23#. 
IR spactrum (page No.59) shows bands at 3 . 2 , 3 .4 , 5 .4 , 6 . 1 , 
6 . 3 , 6 .8 , 7 . 1 , S2 7 . 2 , 7 .5 , 8 . 1 , 8 .2 , 8 .4 , 8 . 5 , 9 .1 , 9.7, 
10 .1 , 10.2, 10.6, 10.9, 11.7 and 12.1/i. 
(b) Bajforfl-Stevftn's reflcUvP 9f thft hyflrflgftM (XXIII) 
The hydra zone (XXIII; 1.023 gm) in sodium ethylene 
glycolste (1.3 gm of Na in 40 ml of dry ethylene glycol) was 
refluxed gently in No atmosphere for one hour. The product 
and was treated 
was cooled^with ice cold d i l . HC1 (2N HC1, 150 ml). On 
working up in the prescribed manner with ether, the residue 
(XXXIV; 0.76 gm) was reerysta111sed from methanol to furnish 
6,13 p(H), 5.7«(H), -eudesm-3-en-6,13-olide (XXXIV). NMR 
and IR spectra of the staple (XXXIV) was in agreement with that 
of the authentic sample. 
5t) 
cqpYffrgtftB 9f trl9l {W t9 n%wU%i {W) 
i f Triol (IX; 1 gm) In a solution of pyridine (20 ml) 
and p-toluene sulfonyl chloride (1.6 gm) was kept at 60° 
for 30 minute8 at 40-50° for one hour and at room temperature 
for 48 hours. The reaction mixture was poured on to Ice 
(40 gms) and the product was Isolated with ether. Ether 
extract was washed with dil.HCl (2N; 50 ml) water (2 x 100 ml), 
dried and solvent removed to furnish the (XLI; 1.2 gm) (IR bands 
at 9.0*/ and 9.1A/ due to tosy late ) . The compound was used for 
subsequent transformations. 
cgnygralop of 31toiYktg (M? ta ,31139 SQBP9vm3 M ) 
A solution of ditosylate (XLI; 1 gm) and sodium iodide 
(4 gm) in acetone (20 ml) was refluxed for 6 hrs. The reaction 
product poured on to Ice (30 gms) and isolated with ether. 
The ether extract was worked up to afford the dliodo compounds 
(XLII) which was purified by chromatography over alumina (Or.II). 
Fraction eluted with pet.ether was taken up for subsequent 
transformation. 
fifhyflrQlMlQgfPtttlgn 9f <Ulg313f UkW ta tltml U> 
A mixture of dllodide (XLII; 0.6 gm) potasalum-t-butoxide 
(prepared from 0.4 gm of potassium and t-butanol) and dimethyl 
sulfoxide (40 ml) was stirred overnight at room temperature. 
The reaction mixture was poured into Ice (50 gm) and extracted 
with pet.ether (2 x 50 ml). The usual working up 
furnished (0.3 gm) residue which was purified by chromatography 
over alumina (Grade I I , 40 gm). Fraction eluted with 
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benaenesether (100 ml) on d i s t i l l a t i o n furnished elemol (X). 
IR and NMH spectrum of the sample of elemol thus obtained 
was identical with that of an authentic sample (X). 
VPCt Sample of elemol (X) on VPC agreed with the authentic 
sample of elemol (X) (A 1.33 m x .006 m column polyester at 
180° flow rate of Hg 1.1 m l / s e c ; Chart speed 30Vhr. Oriffen 
and George MK 11) . 
3»g-PlnUr9yffP.8ff;fttff. ,gf Aliml U) 
Elemol (X, 0.1 gm) in dry pyridine (2 ml) was reacted 
with 3:5 dinitrobensyl chloride (0.2 gm) at 20°. The reaction 
mixture was allowed to stand at room temperature for 18 hrs* 
Dry benzene was added to the mixture and refluxed for 2 hrs.it ^<^ 
Cooled and ether added (40 ml) and ether extract washed with 
sodium carbonate (10S&, 40 ml) then water, dried and solvent 
COG. •?• 
removed. The product (0.15 gm). re crystal Used from ethanol 
m.p. 111° (lit. 112° mixed melting point undepressed. 
Mongffinftri »tto«r ttW Qt st p <*%}, 4»g g w , watwuHMa 
dlol (XL) 
A solution of diol (XL; 0.49 gm) in dry benzene (25 ml) 
was treated with K-metal (0.26 gm), in Ng atmosphere and 
refluxed for 1 hour. Cooled, added to the contents methyl 
iodide (10 mi) and refluxed the mixture for 3 hours. Excess 
of potassium metal was destroyed by adding methanol (5 ml). 
Contents of the flask diluted with water (50 ml) and extracted 
with ether, Ether extract on working up, drying and removal 
of the solvent furnished a product which on d i s t i l l a t i o n at 
160-170° (bath temp.)/l mm furnished the methyl ether 
(XLVI; 0.35 gm). 
Foundi C, 75.64; H, 11.9; OCHg 14,27% 
C16H30°2 r m * u l r e s s C» 7 5 ' 3 S * H» U . 8 9 | 0CH3 12.2*. 
The higher 0CH» value obtained points to the presence 
of some dimethylstion. 
(%) 3DNV11IWSNVU1 
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Chapter II 
TRANSFORMATION PRODUCTS 
OF 
( — )-CARVONE 
g y H H A R r 
Sodiumborohydride redaction of-carvone oxide (1) 
furnishes a 3:1 Mixture of the eplaieric alcohols (6) 
and (7 ) . Both the epimers (6) and (7) have bean obtained 
in purs form and th*1r stereochemistry es tab l i shed . The 
minor epitaer (7) i s i den t i ca l with the epoxyalcohol obtained 
by epoxidation of (-) t rans-carveol (5) with perbensoic acid. 
Epoxidation of (-) c ls -carvaol i s s te reospeci f ic and 
furnishes onidation *** (4)
 A with Jones reagent furnishes the 
epoxylcetone (S) . Comparison of VPC behaviour of carvone 
cxida prepared according to l i t e r a t u r e method2* (action of 
HgO„ - b«3« on carvone) and (8) shows that the epoxidation 
product from carvone does not contain even detectable 
quan t i t i e s of (3 ) . That the I^Og base epoxidation of 
carvone i s highly s te reose lec t ive Is also supported by the 
observation tha t (4) i s not present even in detectable (VPC) 
quan t i t i e s in the NaBH^ reduction product from carvone 
oxide . 
The in t e r e s t i ng observation h*s been rande, that during 
the epoxidation of c ls -carveol ace ta te (3 ) , the d isubs t i tu ted 
exocycllc double bond i s more reac t ive than the t r i subs t i t u t ed 
endocyclic double bond. 
The NMR signals of the oxirane protons of the epoxy-
aenthenols have been shown to depend on the r e l a t i v e 
o r i en t a t i ons of the epoxide bridge and the isopropenyl 
subs t i tuen t ; when the epoxide bridge and isopropenyl group 
• r e cla with respect to each other , the s ignal for 
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the oxirane proton appears as doublet (J 3 4.5 Hs) 
and when the oxide bridge and lsopropenyl group are trans 
with respect to each other the oxirane proton signal is 
a triplet (J * 1.5 HE) . 
f>>s 
The term epoxide refers to a chemical group 
consisting of an oxygen atom bonded to 2 carbon atoms 
already united in some other way. Simplest epoxide Is a 
3-membered ring to which the term *-epoxy or 1,2-epoxy Is 
applied. 
Various olefin groups that can be converted to epoxy 
groups are, 
-CHg - CH = C ^ CH2 - CH - CHg 
In simplest form epoxidetlon of an olefin Is shown 
as 
, c = c. + 1/2 on ;c - c : 
Many reagents*- and taethods are used to prepare epoxides. 
Of a l l the reagents per acids are of pa r t i cu la r i n t e re s t and 
importance as they bring about selective) epoxidation . 
Biological epoxidation and i so l a t i on of epoxides from 
na tura l sources are repor ted 3 . Boyland and Gins have shown 
that anthracene and benz (a/anthracene 'are metabolised by 
animals to yield product t ha t could have r i sen v i a . the 
intermediate formation of epoxy dihydro-compounds (I and I I ) . 
The discovery of von Tamelen and independently of 
Corey® establ ished 2,3-oxido3qualene (IV) as a normally 
occurring intermediate in the biosynthesis of s te ro ids and 
oT°l + 0 
CHART I 
or o^ o 
n 
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polycyclic t r i t e rpeno ids e . g . lanosterol (V). 
As t rue to the predict ion of J .H. Williams? tha t 
hormone l ike substances as the th i rd generation pes t ic ides 
and i n s e c t i c i d e s , juveni le hormone I so la ted from 
JPlatysamia Cercropia7 i s an effect ive hormomimetic and i t 
i s an epoxide (VI) . 
p-menthane epoxides have been i so la ted from a number of 
na tura l sources e . g . liconene 1,2-oxides (XI and XII), 
piperi tenone ox ide 1 0 (VII) and pulegone oxides 1 1 (VIII and IX). 
St ructure and absolute configuration of some of the 
p-oenthane epoxides e .g . of 1,2-epoxy pulegone (VIII and IX) 
i s proposed on the bas is of spec t ra l data and degradation » 
work and that of (+)-piperl tenone oxide (VII) on ORD study 1 1 . 
IP The l a t t e r agrees with tha t of Ohloffs deduction based on 
chemical evidences. 
Limonene1»2 oxide (XI and XII) i so la ted from 
9 Cymbopogon denslf lorus , has been prepared as I s l mixture 
by the epoxidation of liraonene (X) with perscids . The 
13 
epoxides (XI anci XII) are d i f f i c u l t to seperace (e .g . by CLC 
or by f rac t ional d i s t i l l a t i o n ) . 
13 
Newhall* has reported a s tereoapecif lc synthesis of 
( O - c l s (XI) and ( + ) - t rans (XII) limoneae 1,2-oxides from the 
mixture of liraonene oxides (XI and XII) end se t t l ed the 
absolute configuration by react ion with o l ec t roph l l i c and 
nucleophi l ic reagents (Chart No.2). 
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Rickborn and Lvo a t t r i b u t e the Importance of 
epoxides in the study of configurational problems for t he i r 
(1) high r e a c t i v i t y (2) ease of preparation (3) ant ic ipated 
ease of product analysis* 
Exploiting epoxide v e r s a t i l i t y towards chemical 
reagents and the chemical transformation effected, a number 
of stereochemical problem have been s e t t l e d , but I t i s not 
denied the methods reported are time consuming. The signal 
pa t te rn of the epoxidrfic proton can In many cases reveal the 
locat ion of the epoxide ring and i t s s tereochemistry 1 6 . 
Epoxide proton resonates a t a considerably higher f ield than 
does an ordinary proton attached to an oxygen bearing. 
carbon atom16 ( t h i s has been explained1 6 on the basis of ring 
current in a cyclopropyl r i n g ) . 
A corre la t ion between chemical sh i f t s and s te reo-
chemistry hes proved valuable that i t has a r e s t r i c t e d sense 
only when s t e r i c r e l a t ion in the compound ere preserved by 
conformational r i g i d i t y of ths molecule. /,.D. Cross1*'' applied 
NMR to the study of the 5,6-epoxides of s te ro ids to es tabl i sh 
the configuration find implied tha t the J value coupled with 
chemical sh i f t value completely defined the epoxide chemistry. 
A survey of numerous s tudies involving tha conformational 
problems or cycl ic &nd acy l ic systems will indicate that a l l 
of thea have u t i l i s e d e reasonably fixed model. Thus in the 
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study of cyclohexane systems, 4-t-butyl and its 
derivatives serve as the fixed model to anchor the ring 
conformation. A typical example is the conformational study 
of 1,2-cyclohexane diols with lsopropylidlene derivatives as 
fixed model. 
One of the most powerful stereochemical generalisation 
is the relationship between vicinal coupling constant 
16 
(JJJ-C-C-H) and the dihedral angle (J0) Tori et al. have deduced 
a simple form of Karplua equation 
JH* H <^> 5.1 cos2 0 (1) 
correlating coupling constant between oxirane proton (H* and 
an adjacent cyclohexyl proton H ) with the corresponding 
dihedral angle. Therefore the above can be made use of in 
place of molar rotation or chemical reaction to the study of 
17 
stereochemistry of epoxy compounds*'. The stereochemistry 
of naturally occurring limonene 1,2 oxides (XI and XII) can 
be settled by RMR study especially of the oxirane proton 
signals appearing in the downfield region. The prefered 
conformation of the (+)-trans limonene 1,2-oxlde is likely 
to be (XI) (Rj^  » Rg a H) with the C4, substituted (isopropenyl) 
equatorial. 
To appreciate the twin advantages offered by the work 
16 17 18 
of aforesaid authors Tori et al. ' and Schroeter et al. 
our attention was turned to the epoxy alcohols with p-menthane 
skeleton. The occurrence of large number of epoxides (with 
p-menthane skeleton) namely pulegone oxides (VIII, IX), 
75 
Klein and Ohloff21 reported the high stereo-
spec i f i c i ty of epoxidation of (-)-carvone (XIII) to (+)-
carvone oxide (XI Va) with alkali -H£02 reagent but the 
authors did not explain why the reaction i s stereospecific. 
The structural features of (-)-carvone (XIII) can offer two 
possible isomeric epoxides (XIV and XV). Our endeavour was 
to find out the product distribution of the Isomeric 
epoxides (XIV and XV) (2) separation of the epoxides In to 
pure isomers by chromatographic methods (3) to establish the 
stereochemistry of the epoxides using NMR (4) to offer possible 
explanation for the predominance of the trans isomer (XV) in 
the mixture of the epoxides. 
Spearmint o i l offers a good source of (-) carvone (XIII). 
Fractionation of spearmint o i l at 97°C/9 mm yielded 
(-)-carvone (XIII) showing a single peak on VPC, and on TLC 
a single spot. Characteristic IR bands for '0*0 at 5.95/u, 
6,lu for OC and 11.2 (C * CHg). NMR spectra showed signals 
centered at 8.127 (6H s ing le t , -CH* on C-l and C-8) 5.22? 
C, ,% a 
(2H, s inglet C « c' 8.337 (1H broad multlplet 
C C ' * H 
] C * C - Q =» 0). A solution (-)-carvone (XIII) («)D - 44°, 
g C C 
neat) In dloxane and HgOg was stirred with IN KOH at 0 -5°. 
The product was isolated with ether, the solvent removed by 
mtlll»ttw «t Ul°-lSg<ViP. — fvtrnUhgd tfte f w W 
•However when we were working on this product we were 
not sure that the epoxidation gives exclusively (XV) 
7 u 
(XV; («)D + 80°C 2 .4 , n-hexane). Characteristic features 
of IR spectrum are the band at 5.9// for (C=0). NMR spectrum 
showed signals at 6.687 (1H, for the single oxIran© proton) 
5.277 (2H, vinyl proton). VPCi Epoxy ketone (XV) showed a 
single peak Y^  8* 30" (polyester column at 190°, carrier gas 
H2 1.3 ral/sec.; Chart speed 6"/hour; column 72" x 0.25". 
Assuming s l ight polarity differences between the two 
stereoaers and a chromatographic method had to be devised to 
separate the isomeric epoxy ketones (XIV and XV) keeping In 
mind that the epoxy ring should not suffer any damage during 
i t s stay in the columns. Therefore (1) natural alumina Grade III 
was prepared with utmost care. (2) a column dimension was 
preferred such that a correct compromise was made to assure 
l eas t contact with column but at the same time ef f ic ient 
separation (3) rapid chromatography with s l ight ly differing 
polar solvent mixtures and rechroraatography of the concentrated 
eluates (4) short curst of 10 ml of the eluents collected 
and the solvent in each cut was removed under suction. 
All the fractions obtained showed identical VPC 
behaviour and specif ic rotations suggesting either the starting 
material 1P composed of entirely of the epoxy ketone (XV) or 
i t may be a mixture of epoxy-ketones (XIV and XV) which cannot 
be separated by chromatography. This was expected as the 
polarity difference between isomeric epoxy ketones i s l ike ly 
to be l i t t l e . 
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The epoxidation product was reduced by NaBH4 
since we hoped that the resulting epoxy alcohols may 
dif fer In polarity and could be separated through chromato-
graphy. Therefore epoxyketone (XIVa) was gtlrred with a 
homogenous solution of sodium borohydrlde at 8-10° and then 
l e t at room temperature for 24 hrs. The product on working 
up, was d i s t i l l e d (at 140-160° (bath temp.)/8 mm) to furnish 
a mixture of epoxy alcohols (XVIa), (c , 1.2/'; CHCI3). 0 n V p c 
two ^Tpeaks of Yt 7*45H and SMS" (polyester column 210° 
chart sp^ed 12M/hr; iLg at 1 mm/sec.j/ indicated two prominent 
peaks of product ratio 67:32; on TLC (30J8 ethyl acetate In 
benzene) two spots of Rf values 0.67, 0.50. 
NMR showed signals at 7.27 (1H, of the OH proton disappearing 
on l>g0 exchange) 6.847 (1H, oxirane proton)* IR Bands at 
2.70/i characteristic of OH. 
Encouraged with the separation achieved on TLC and on 
VPC, chromatographic separation of the epimerlc alcohols 
(XVI, XVII, XVIII and XIX) was planned as follows: 
1. Same precaution to preserve the epoxide ring were 
observed, v i s . least contact times; rapid chromatography. 
2. Ratio of the compound to Grade III alumina was kept 
at 1:40. 
3 . Polarity of the eluent was gradually increased to 
ensure a good separation of the epimers. 
Ace No. 
% ^ ^ ^ > x > 
'%: *LlM UNIVER~ 
4. Chromatography of alcohols was divided into* 
two stages: In the first stage, mixture of epoxy alcohol 
was chromatographed over grade III alumina, to have a 
"rough" separation of the alcohols in an eluent where 
the particular epimer would be in a higher concentration. 
This was done to ensure least contact time, (b) In the 
second stage, the residues of the each eluent3 obtained 
after removing the solvent under suction was rechroraatographed 
separately on Grade III alumina column and eluted with the 
eluent mixture that was used for thst eluate In the first 
stage chromatography. Sluent mixture had decreasing ratio 
of the less polar solvent (9:1 to start with and 1:9 to 
end with). The eluents 15 ml cuts were collected and 
examined for their purity. 
A perusal of the Table No.l will indicate the following: 
1) Five fractions, I, <0.4#); II (19j&). 
Ill (35.5*); IV, (35.5J0; V (5%) were collected (the 
percentage indicated is based on the total an*ount of the 
aixturo cf epoxyalcohols taken for chromatography. 
2) Fraction I was rejected aa it contained mostly 
(+)-carvone oxide (XIV). 
3) Fraction III on distillation (see Table No.l, fraction II) 
furnished a pure epimeric alcohol. On comparative TLC with the 
mixture of alcohols it showed a single spot agreeing with the 
component of Rf value 0.67 in the mixture mlxtiixKxwtthxtkK 
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g^rgiaWisraPfty gCt^t Mature of «taot»lff (XI Y») 
Fra-
ction 
No. 
Eluent Wt. end % 
of fract-
ion 
Remarks Epimer Isolated 
(refer Chart for 
structure) 
I Pat.athar-1" 0.068_gos 
(200 ml) (0.4*2) 
II Pet.ether: 
benzene* 
200 ml 
III Benzene" 
200 ml 
IV Benzenes 
ether1 
200 ml 
V Ether 
0.4745 g, 
(19*)2 
1.066 g. 
(35.8#) 2 
1.066 g. 
(35.3%)2 
0.4* 
rejected (as I t 
contained un-
reacted carvone 
oxide only) 
d i s t i l l e d at 115-120° 
(bath temp.)/2 mm _ 
Refer Chromotogram3 
and Table Nos.2,4 
Y^  single peak 
VPC3 - indicated 
two peaks of 
different Y^-mixture-
rechromatographed 
see Table No.3,4 
same as above 
rejected 
XIX 
mixture of 
XVIII and XIX 
same as above 
1. Solvent was removed with 8M fractionating htad 
under suction. 
2 . Percentage i s based on the alcohol taken for 
chronatography. 
3 . VPC was done in Aerograph A 350-B model, Column 10 feet 
phase support! polyester? carrier gas H2 at 70 ml/min. 
Column Temp. 200°C, Chart speed 30H/hr. 
Ref. VPC Chart - Epoxy alcohol 
HI 
Xq&le 3 
Cut 
Nos. 
1-15 
16-31 
32-33 
Rechromatography of Fr. I l l 
Bluent 
Pet.ether* 
benzene 
Pet.ether: 
benzene 
40:60 
100 Bl 
Pet.ether: 
benzene 
20:80 
100 ml 
(ref. 
- VPC* analysis 
Cuts 5,6 on VPC 
shoved a single 
peak 
Splaer XVIII 
Cuts 17 to 31, 
shoved peak of 
purity 95% (see 
page No. 
for VPC) 
Eplner XIX 
Analysis by 
VPC impure 
Table 1) 
Wt.of the 
combined 
fraction 
0.1483 g 
0.3056 g. 
Remarks 
VPC Chart 10 
Y£ values agree 
vith fraction 2 
of Table No.l 
corresponds to 
epimer XVIII 
Xt values agree 
with fraction 4 
of Table No.3 
epimer XIX 
-do-
*Refer Table No.l 
K£ 
frWf 3 
Anqiyg;? o,f EwUp.ft.MQit? 
Cut Noa. Eluent and 
i t s ratio 
VPC* Wt.of 
the 
fraction 
Remarks 
1,2 
3 to 8 
Pet.ether: 
benzene 
60:40 
-do- Cuts 3 to 3 
showed peaks of 
purity 95$ same 
retention time (aee page No. ) 
for VPC 
Corresponds to 
eplaer (XIX) 
rejected 
0.7387 TbC on s i l ica 
gel single 
spot (30$ 
ethyl acetate 
In benzene as 
solvent) 
See Table No.4 
for 
comparative 
analysis 
9 to 31 -do- rejected 
1. Solvent removed with 8" fractionating column. 
2. VPC (polyester column temp. 195°; 30 ml/minutes 
Hg as carrier gas). 
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VPC CHART OF EPOXYALCOHOLS : X V I , XVIII, XIX 
[See Table- 4 j 
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X»frlt ,i 
Epoxy alcohols 
8 . No. Properties Mixture^ Epimer XVIII* Epimer XIX** Epoxy 
alcohol (minor) (major) 
XVI' 
1. («)o2° 
In acetone 
-60° -36° -29° 
2 . Analysis confirms the molecular formula CigELgOg 
Two spots s ingle single 3 . TL<r 
of Hf value 
0.50, and 
0.64 
4 . NMH 
5. VPC* 
spot 
W 1/2 * IS Hz 
for G2 proton 
broad signal 
spot 
single 
spot 
« 1/2 = 5 - 7 Hz Wl/2* 5.7Hz 
for Cg proton; for C2Proton 
narrow signal narrow 
signal 
Two peaks single peak 
of Yt2 ,36H Yt 2' 36" 
and Tt4»30H 
single peak 
Y. 4» 30" 
single 
peak 
Yt 3'15" 
*Refer diagram Chart for structure. 
**Epoxy alcohol obtained (XVI) by the action of PBA on 
( - ) - c i s carveol (XXVI) 
{«, Mixture refers to the epimeric alcohols obtained on NaBH^ 
reduction of epoxy ketone (XI) 
1. TW (see general remarks, p.80) developed with 30* 
EtOAc in benzene. 
2. VPC was done on aerograph A-350-B 
Column length 10 feet; polyester phase; Temp. 200° 
H2 gas carrier at 70 ml/min.; Chart speed 30M/hr. 
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(30£ EtOAc in benzene was used as solvent); VPC* 
(chroraatogram p. 83) shoved a single peak with retention 
time of 243" agreeing with the minor epimer (XVIII). 
4) Fraction III was rechromatographed Table No.2) to 
furnish the pure epimer in the cuts No.5, 6 and 7. TLC 
and VPC agreed with that of the minor epimer (XVIII). Besides 
the later fractions were contaminated with the major epimer 
(XIX) as indicated by VPC. 
5) Fraction IV, on rechromatography furnished the pure 
major epimer (XIX) cuts Ho.3 to 8 (see Table 3) giving a 
single spot on TLC. On comparative TLC (30$ EtoAc in benzene 
as the solvent) with the mixture of alcohols its Rf value 
0.50 agreed with that of the major epimer (XIX). 
6) Fraction V was rejected. 
During the present investigation we have shown that 
the less polar minor epimer (VIII) has stereochemistry (XVIII) 
since it is enantiomeric with the epoxy alcohol obtained by 
the action of perbenzoic acid on (-O-trans carveol (XX). 
Hence the more polar major epimer has the stereochemistry (XIX). 
(-)-cis-Carveol (XXIII) («)D - 45° (c, 2.4 CHClg); 
£IR spectrum shows bands for -OH at 2.P7(//on VPC showed a 
single peak was prepared by the L1A1H4 reduction of (-)-carvone 
and was oxidised with perbenzoic acid at 0-5°. Working up and 
distillation at 110°-140°(bath temp.)/2 mm furnished epoxy-
*See under Table 
8ti 
alcohol (XYI; («<)D - 31° (c , 7.2 In acetone) - 29° 
( c , 5.2 In ace tcne) . NMR spectrum shoved tan s ignals a t 
6.977 (1H, doublet , J * 4.5 cps, oxirane proton) . Comparative 
VPC of the epoxy alcohol (XIX) and tha t obtained by the 
epoxidation of (-) c is -carveol (XXIII) differed in the i r 
re ten t ion t ime. 
Epoxy alcohol (XVI) on Jones ' oxidation furnished 
epoxy ketone (XIV). On VPC* the epoxy ketone showed a 
re ten t ion time 7* (s ingle peak) whereas the epoxy ketone (XV) 
showed a re ten t ion time of 8 ' 30". 
Therefore epoxidation of ( - ) - c l s carveol i s s t e reo-
specif ic and the product can be assigned the s t ructure (XIV). 
The epoxy alcohol (XVI) i s not present even in detectable 
quan t i t i e s in the sodium borohydride reduction product of the 
carvone oxide (XlVa) (as indicated by VPC) provides addi t ional 
support to the conclusion t h a t epoxidation of carvone with 
i^Og-alkali i s highly s t e reospec i f i c . 
?o have further proof tha t the major epimer obtained 
on NaBI^ reduction i s (XIX) (-) c i s -carveol ace ta te (XXVI) 
was prepared by the ace ty la t ion of ( - ) -c l s -carveo l (XXIII) 
with KaOAc- AC£0 mixture and was epoxidised with a molar 
equivalent of perbenzoic ac id . £NMR showed a sharp s ingle t 
a t 7.987 (CH3-Cr-0i7. We expected the epoxidation to furnish 
0 
the ace ta tes (XXVa and b) as one of the products; 
further saponif icat ion would yield the epoxy alcohols (XVI 
and XVII). Careful chromatography of the epoxidation product 
•Polyester column 72" x 0 .25"; temp. 190°; H2 gas a t 
1.3 ml/sec. Chart speed 6H /hr . 
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and study of the NMR spectrum of various f rac t ions 
showed tha t the epoxldation has furnished a mixture of 
s t a r t i n g material (XXIV) and the epoxide (XXVI; (*)D - 20°, 
(c , 3.5 in MegCO); (IR spectrum showed no bands a t 890 cm" . 
NMR spectrum showed s ignals a t 8.767 (3H, CHg on C-8, 8.387 
(3H, CH3 on C - l ) , 7.987 (3H, CHg-C-O-); 7.53# (2H, CHg of oxirane) 
and 4.75 (2H, broad vinyl pro ton) . Therefore 
t rans-carveol ace ta te (XXIVa) i s not a source for the 
preparation of epory alcohol (XIX). I t i s in te res t ing to 
compare the epoxidation of limonene and carveol aceta te (XXIV) 
here by perbenzoic acid in CHClg. M o ^ a r equivalent of PBA 
at tacks the endocyclic double bond in limoneN(VII) to form the 
isomeric 1,2 oxides (VIII and XIX) whereas under similar 
conditions c la carveol ace ta te (XXIV) affords only the 
8,9-epoxide (XXVI) due to the at tack of PBA on the exocyclic 
double bond. The electron densi ty a t the more highly 
subs t i tu ted endocyclic double bond of limonene i s expected to 
be gra ter than the electron density at the exocyclic double 
bond; however the introduction of the electron withdrawing 
ace ta te group in the a^ ly l ic pos i t ion in the aceta te (XXIV) 
lowers the e lec t ron density of the t r i s u b s t i t u t e d double bond 
to such an extent ths t i t i s l e s s reac t ive than the exocyclic 
double bond of c^s-carveol (XXIII) suggests tha t the a l l y l i e 
hydroxyl of (XXIII) exerts a promoting a f fec t . 
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Thus the experimental proof based on chemical 
transformation shows that epoxidation of (-) carvone with 
Hg02-3lkali furnishes the epoxy-ketone (XV) free from the 
epimer (XIV). 
To offer possible explanation, (1) to the formation of 
(+)-carvone oxide (XV) only in epoxidation. 
2 . To the abundance of epoxy alcohol (XIX) in the mixture 
of epoxy alcohols (XVIII and XIX) obtained by th sodium 
borohydride reduction of (-0*carvone oxide (XV). 
Allinger and Riew22 have reported the addit ion of 
Grignard reagent to 5 methyl 2-cyclohexen-l-one (XXVII-A) i s 
s tereospeci f ic to form the jLt&a8 isomer. According to them 
the determining factor , as far as stereochemical outcome of 
the react ion hinges on the r e l a t i v e energies of t r ans i t i on 
s t a t e s . Ant ipara l le l a t tack on confirmation (XXVII-B) In 
which methyl group i s In quasi equator ial posi t ion leads to 
a t r a n s i t i o n s t a t e in which Ejri» cyclohexene i s in chair form 
and there i s no ser ious in ter ference between two methyl groups. 
Hence t la the highly prefered t r ans i t i on s t a t e which in 
turn wi l l lead to the t rans isomer as the react ion product. 
The above ana lys i s can be applied to the ^Qg-a lka l i 
epoxidation of (-)-carvone (V) which i s s t ruc tu ra l l y re la ted 
to 5-methyl-2-cyclohexen-l-one (XXVIJ-A). The at tack of the 
OQM~, nucleophile on the $x$ «S0-unsaturated ketone wi l l come 
from the side away from the isopropenyl group to furnish 
the carbanion (AAVII -C) which wil l yield the epoxy ketone (XV). 
<H) 
Therefore the formation of the t rans oxiae (XV) and not 
the £ i a oxide (XV). 
The favoured conformation of the epoxy alcohols 
(XVIII) »nti (XIX) i s l ike ly to be (XVIIIa) and (XlXa) since 
the bulky subst i tuent a t C4 can be equator ia l ly or iented; 
t h i s i s supported by the N'MR spectra of (XVIII) and (XIX) 
which show s ignals for Che oxirane proton (H*) as a broad 
s ing le t or a t r i p l e t (J - 1.5 cps ) . The coupling constant 
of the oxirane pro con with the Cg equator ia l as well as 
ax ia l hydrogen i s expected to be approximately 1.3 cps. 
since the flihecrsl angle in each c*se i s about 50°. 
Therefore the expected signal 1.« e i ther a t r i p l e t (J - 1.3 cps) 
or a broadened s i n g l e t . The favoured conformation of the 
epoxy alcohol (XVI) i s l i ke ly to be (XVIa; Chart 4) since 
the bulky subst i tuent a t G4 cnn be equa tor ia l ly or iented. This 
i s supported by SMR spectrum of (XVI) which shows signals for 
the oxirane proton (H*) as a doublet (J •= 4.5 Hz). The dihedral 
angle between the Cg~H bond and C5-H equatorial bond is about 
20° whereas the dihedral angle between the Cg-H bond C5-H axial 
bond i s about 100°. Hence the coupling constant expected are 
JH» iie.q ™ 4.5 Hz and JH , H f l X^ ttftxS 0 Hz. 
The SMRV spectra of the epoxy alcohols (XVI and XIX) with 
equator ia l subs t i tuen ts a t Cg exhibited a broad signal 
U l / 2 = 15 Hz) for the C2 proton and the spoxy alcohol (XVIII) 
which has a quasi axia l subs t i tuent a t C2 exhibited a narrow 
-Kef: Europium compounds in epoxide s h i f t , 
J.Org.Chera. 37, 2769 (1972). 
lM 
signal (half height vldth5-7 cps) for the C2 proton. 
NMR spectrum can be employed to charac te r i se the 
dlastereomeric llmonene oxides as the oxide (XII) exhibi ts a 
doublet J « 4 .5 cps (centred a t 7.177) whereas the oxide 
(XI) exhib i t s a s ing le t a t 7.137. 
We expected tha t (•)-carvone oxide (XV) with a terminal 
bond in C^ wi l l undergo further epoxldatlon to form the 
dlepoxide (XXVIII). I t i s An addition to the t r igonal C a t 
c (8)» therefore mixture of epimer I s expected. 
( + )-Carvone oxide (XV) in CHC13 was s t i r r e d with PBA 
a t 0-5° for 72 hrs ; the product on working up gave a d i s t i l l a t e 
(XXVIII) b .p . 112-115°(bath)/l mm; (*)D + 84° ( c , 7 in CHClg). 
Analysis agreed with the formula of a diepoxide (C^oH^Og). 
IR bands a t : 3 .5 , 5 .9 , 6 .9 , 9.0 and 9.9# (no band for *C=C' ) . 
(•O-Carvone oxide (XV) in ethanol was hydrogenated in 
presence of Pd-C ca ta lys t (5%) in acetone and the product 
worked up when i t furnished the epoxy ketone (XXIX) Identif ied 
by TLC. IR agreed with that of the authent ic sample of (XXIX) 
prepared by the action of HgOg- a lka l i on carvotanacetone. 
I t i s of i n t e r e s t to note tha t under the condit ions used for 
hydrogenstion of (XV) the epoxide ring i s not cleaved. 
Eschenmoser fragmentation2 4 of «,p-epoxy ketones 
i s a powerful widely appl icable synthet ic method25*2^. 2foe 
method incorporates a novel method of synthesis of acetylenic 
compounds. Stanford Research group2 5 had used Eschrfenmoser 
fragmentation to prepare secos tero ids . A new and simple 
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method of synthesis of A- nor sterols having tertiary 
hydroxy 1 group allylie to an exocyclic methylene is 
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described consist ing of u t i l i s a t i o n of aschenmoser 
fragmentation of «<tps-epoxy ketone and Stork ring c losures . 
(+>Csrvone oxide (XV) in methylene chlor ide was 
s t i r r ed with a solut ion of p-toluene sulfonyl hydrazide in 
HAc - CHgClg (1*1) mixture a t 0° for an hour. 'Jftie mixture 
was refluxed and the product i so la ted with e the r . 
Chromatography of the product over alumina (Gr. I I I ) . 
Frs»ction with pe t . e ther gave the compound (XXX). 
The aldehyde (XXX) with seraicarbazide gave the serai-
car bazone (XXXI; m.p. 134-35°). 
Aldehyde (XXX) on Jones1 oxidation furnished the 
acid (XXXII) in poor y i e l d s . 
E X P E R I M E N T A L 
(-)-Carvone was obtained by fractionation of 
spearmint o i l . Tha fraction having b.p. l04-105°/ l3 mm 
("O^ - 5 5 ° ( neat) showed a single pea^ of retention 
time 2» 10". 
IR spectrum: (liquid film) shows bands at 3 .0 , 3.25, 5.95, 
6 .10, 7 .0 , 7 .35, 7.60, 7.80, 8.10, 8.35, 8 .85, 9.05, 9.80, 
10.10, 10.50, 11.25, 12.55 and 14.35//. 
NMh qpecftrum,* shows signals at 8.227 (6H s ing le t , 
Cv I 
CHo on C-l and C-8), 5.227 (2H, singlet ,C • c' 
C s C *• 
3.337 (1H, broad multiplet, ] C • c' 
{+)-Q*TYQM 9*13? 0UY) fr9i (-)-fiarY9ng iUU) 
To a well stirred solution of (-)-carvone (XIII; 
4.4 go; (oO^ - 44 , neat) in dioxane (175 ml) Rnd H20g 
(30% flg02? 45 a l ) at 0° - 5° van added dropwise a solution 
of KOH (2N, aqueous, 45 ml) at 0° . After st irring at 0° 
for one hour and at room temperature for 24 hours, the 
mixture was diluted with water (100 ml) and the product was 
Isolated with ether (3 x 100 ml); the ether extract was 
washed with saturated brine (2 x 100 a l ) , water (2 x 100 ml), 
then dried. The solvent was removed with a fractionating 
unit (12 cms, height) , and d i s t i l l e d with a vlgreux column 
\V5 
(6cms) at 110-112°/10 am to furnish the epoxy ketone 
(X*Vs; 3.7 gm); («<)^6 • 80° (c , 2.4 in n-hexane) 
( l i t . 2 1 i«)l° • 87 .6° ) . 
IR apeofrrua (liquid film prominent bands at 3.25, 3.40 
5 .90, 6.15, 7, 7.35, 8.10, 9 .0 , 9.70, 11.25, 12.35 and 
13.25//. 
NMR 3Dactrum showed signals at 8.677 (3H, sharp singlet 
-CH3 attached to C- l ) , 8.287 (3H, s inglet CH3 attached to C-8); 
6.687 (1H, doublet oxiran proton) and 5.277 (2H, vinyl 
protons). 
VPCi Epoxy ketone showed a single peak; (retention time 8* 30"). 
Under identical conditions authentic sample of epoxy ketone 
(XIX) showed a single peak retention time S 7' (polyester 
column at 190' rate of flow of hydrogen 1.3 m l / s e c , column 
length 6 ' ; inner diameter 0.25" chart speed 6" per hour). 
The above preparation was repeated f ive times; the 
yield of carvone oxide varied from 75-80J8; (oOp varied from 
+ 74° to • 80°. 
(+)-<?«ryoQ«.9Xlfa UV) to (-) PPQX.Y fllrC9hgl? UV»1 ?Qd XjxJ 
A solution of (+)-carvone oxide (XIVa; 1.27 gms; 
9 8 ° ft 
7.6 m.mol; ("Op • 88° neat) in ethanol (5 aal) was stirred 
with a solution of sodium borohydride (1 gm; 40 m moles) 
two 
in ethanol (40 ml). After 24 hrs.^drops of g lacial acetic 
acid was added to the reaction mixture and diluted the 
contents with water (200 ml) and the proauct Isolated with 
ether (3 x 50 ml). Work up in the usual manner gave (removal 
<m 
of the solvent with a vlgreux column) a residue (XVla) which 
was distilled at 146°-160°(bath temp.)/8 mm to furnish the 
mixture of epoxy alcohol (0.83 gas; 665* yield); (c, 2.3 in 
CHClg). On TLC developed with EtOAc in benzene (XVI) 
showed the prominent spots of Rf 0.50 and 0.64. 
Analysis 
Found* C, 71.39; 9.59 
C10H16°2 requires: C, 71.94*; 9.99#. 
w«ran^*vP °f thff alx^ura.of epo^y aUofrola {WW* 
Mixture of epoxy alcohols (XVIII and XIX; 3.01 gm) 
in the distillate (3*01 gm) was chromatographed over alumina 
(Gr. Ill, 120 gms; coluan 75 x 2.5 cm., time taken to 
complete elution was 140 minutes) and eluted successively with 
pet.ether (150 ml); 50# pet.ether-benzene mixture (200 ml). 
Benzene(200 ml); 50$ bsazsne-ether mixture and ether (200 ml). 
Fraction obtained from pet.ether and ether were rejected. 
The 50# pet.ether-benzene fraction gave a distillation 
at 115-120°/3 ma (bath temp.) afforded epoxy alcohol (XVIII; 
0.47 gm (^)l20 - 22°; c, 3.1 in acetone). Cn TLC developed 
with 10J6 EtOAc-benzene (XVIII) showed a single spot 
(Rf value 0.22). 
Found: C, 70.60; H, 9.57. 
C10H16°2 requires: C, 71.39; H, 9.59#. 
IR spectrum (liquid film) 3.3, 3.5, 6.1, 6.89, 7.2, 8.5, 
9.4, 9.9, 10.05, 10.53, 11.3, 11.6 and 11.9//. 
*For NMR spectrum of (XVla) mixture of (XVIII and XIX) 
refer p. 105. 
( )7 
NMR spectrum (page No.106) (In CCl4) showed signals at 
8.67H (3H, s ing le t , CH3 on CJL) 5 8.27 (3H, s inglet , C8-CH,, 
CH3-C =» CH2) 6.847 (1H, t r i p l e t , J » 1.5 H«, oxirane proton) 
6.227 (carbinol proton, t r ip l e t W 1/2 * 5 Hz) 5.37 (2H, vinyl 
proton). 
VPC: Chromatogram shoved single component of tR; 2'36" (100)0 
sepgrfttkn <?f aa.1gr gpUor UW 
Fraction with 50$ bensen©-ether mixture (1.066 gm) 
was chromatographed over alumina (Or. II, 40 gms) and eluted 
with 60£ pet.ethertbenzene (collected 15 ml cuts; cuts Nos. 3 
to 8) on distillation at 115-120°(bath temp.)/2 mm furnished 
the major epimer (XIX); 1.03 gm; («Op2° - 36° (c, 4.2 in 
acetone). On TLC developed with 10$ EtOAc in hensene (XIX) 
showed a single spot (Rf 0.64). 
Analysis 
Foundt C, 71.14; B, 9.80 
C10H16°2 r ^ 1 * * * * c» 71.39; H, 9.590. 
IR spectrum (liquid film) shows bands at 3 . 1 , 3 . 3 , 3 .5 , 6 . 1 , 
7, 7 .3 , 7 .8 , 8 . 1 , 8 .5 , 8 .9 , 9.65, 11.1, 11.2, 11.4, 11.7, 
12, 13.5 and 14.2//. 
TO gpgfitnm (page No.107) (in CC14) 
3.647 (3H, s ing le t , CH3 on C1) 8.257 (3H, s ing le t , CHg-C = CHg) 
6.97 (1H, t r i p l e t , J = 1.5 Hs)oxlrane proton) 6.27 (carbinol 
proton, broad, W 1/2 3 16 «) 5.37 (2H, vinyl protons). 
V££ (page No.S3) single peak of Yt 4' 30" (agreeing with 
alcohol (XIX) of major). 
l)v 
LM ryftottw of (-KarvQqe UHU to (-l^itfymrt (MY) 
A solution of (-)-carvone / T x i I I ) ; («)D -46°(neat ) ; 
4.87 gms; 31 m.moles^? In anhydrous ether (150 ml) was s t i r r ed 
with a s lurry of li thium aluminium hydride (2 gm, 50 m mol) 
in ether (50 ml) a t 0 ° . For 30 minutes and the mixture was 
r©fluxed for one hour. Excess of l i thium aluminium hydride 
was careful ly destroyed with commercial e the r , acetone, water 
ana f ina l ly with a i l . H2S04 U0# Hgao4) . Kther layer was 
removed and washed with brine (3 x 50 ml) followed by water 
(3 x 50 tal) . After drying, d i s t i l l a t i o n of the solvent 
a t 109-110°/12 ram furnished ( - ) - c i s carveol /TXXIV); 10.3 gm; 
(^)D - 45.3° (c , 2.2 in CHClgi? 
IR spectrum l iquid film shows bands a t 2 .75, 3.10, 3.30, 
6 .10, 7 .0 , 7 .36, 7 .65 , 7 .95 , fc.38, 8.60, 8.80, 9.35, 10.10, 
10.40, 10.55, 11.0 , 11.35, 11.80, 12.10 and 12.45/*. 
NMR spectrum shows s ignals a t 8.277 (6H, sharp s ing le t , 
-CH3 at tached to C± and CQ) 7.247 (1H, s ing le t disappeared 
on D^ O treatment, OH) 5.947 (1H, broad a u l t l p l e t carblnol 
proton) 5.37 (2H, sharp s i n g l e t , 
C. , f i c > 
C = C 4.577 (1H, broad mult iplet , C = C - H). 
C' s H C
 C 
VPCi Only one component in the chromatogram, Yt 7.1 mln. 
(polyester column at 208°, flow r a t e of hydrogen 1 ml/sec. 
Bposr afi9hgl,Uy*) from, 9*8 carveol {UW 
A solution of cfrs-carveol /XXIV; 5 gm; 33 m mol.; 
(«0§2 - 50°, (c , 6.7 acetonej.7 in chloroform (3 ml) was 
lM) 
treated with perbenzole acid (25 ml; 2.57 N; 33 m mol) at 0°. 
After 72 hrs. the contents of the flask was diluted with 
chloroform (15 ml) and stirred with a solution of sodium 
carbonate (10$; aqueous 100 ml). Chloroform layer was 
removed and worked up in the usual manner. Dis t i l la t ion 
at 115-140°(bath temp.)/2 mm afforded (67#, XVI 
30° f> 
3.3 gm; («OJJ - 32° (c , 7.5 in acetone) l i t . reports («)$ - 29 
(c, 5.1 in acetone). 
IR spectrum (liquid film) shewed bsnds at 2.85, 3.30, 3.45, 
6 .15, 7, 7 .40, 7.90, 8 .65, 9.10, 9.30, 9.60, 10.10, 10.5, 
11.35, 11.90 and I3u. 
NMR spectrum (page No.105) shows signals at 8.607 (3H, singlet, 
CH3 on C x); 8.287 (3H, CH3 on Cg) 7.57 (1H, broad nultlplet 
disappears on DgO treatment, -OH); 6.977 (1H, doublet, 
J * 4.5 cps, oxlrane proton); 6.157 (1H, broad multlplet 
-C - OH) and 5.277 (2H, s inglet , vinyl proton). 
H 
Spoxy alcohol (XVI) showed retention time 6.5 minutes 
(for details ref. VPC of the epoxy alcohol (XVIII and XIX). 
A»fBtf4„iattfttt.fl^T^.9Ag.'aixtMrf 9Q WQM M9M (XIYa) 
A solution of freshly fused sodium acetate (6 gras; 
73 m mol) in g lacia l acetic acid (50 ml) was stirred with 
epoxy ketone (XlVa; 2.04 gma; (*)Q -*• 77° (neat); 12 m moles) 
for 68 hrs. Reaction mixture was diluted with water and 
neutralised with sodium bicarbonate solution (100 ml; 10JC). 
1 ( 1 0 
The product was I so la ted with e the r . Work up in the 
prescribed manner and d i s t i l l a t i o n of the solvent furnished a 
compound whose IR and NMR spectra showed en agreement with the 
s t a r t i n g epoxy ketone (XlVa). 
oia-Carveol epoxy ace ta te (XXVI) from cig-carveol (XXIV) 
A solution of cJLa-carveol ace ta te ^XXIV; 5.6 gms; 
OOp - 49°, (c , 3.4 in ecetonej^ in chloroform (3 ml) was 
t rea ted with sulphuric acid free perbenzoic acid (2.57 N, 
40 m mole) *t 0° . After 72 h r s . the react ion mixture was 
d i lu ted with 10 ml of chloroform and s t i r r ed t with sodium 
carbonate solution (100 ml, 105$). Work up in the usual 
manner (ref. page No.94) and d i s t i l l a t i o n of the solvent 
a t 135-160°(bath temp.)/4 mm afforded a residue (4.86 gin) 
which was purified by chromatography over alumina (Grade I I ) . 
Fraction with benzene on d i s t i l l a t i o n a t 135-160° bath temp./ 
4 mm afforded epoxy ace ta te (XXVI; 4 gms, WQ " 2 0 ° 
( c , 3.2 in acetone) . 
Analyst 
Foundt C, 68.76t H, 8 .61 . 
C12H18°3 r «q u l r«8* c» 68.54; H, 8.63$. 
IR^  soectrum ( l iquid film) shows bands a t 3 , 3 .5 t 5 .76, 
6 .95 , 7 .26, 8 . 1 , 9, 9.75, 10.75, 12.2 and 12.9//. NMR 
spectrum (page No.108) (in CC14) shows s igna ls a t 3.767 
(3H, 0H30 on C 8) ; 8.387 (3H, CHg on Cx) 7.987 (3H, CH3-C-O-); 
7.537 (2Hf CHg of ox i rane) , 4.77 (2H, broad vinyl proton and 
-CH-OAC. 
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VPp Comparative chroma tograra showed single peak for the 
acetate v t 2*, 98" and for the epoxide t , 2' 98" for the 
iXS. carveol 4'02" (column Celite PBg (120-150M); flow 
8 s e c / 1 0 cc Hg gas and carrier temp. 206°. 
AUffiPt«d sapgnificaUo.g of •royy «st?r (fflTO 
A solution of potassium carbonate (6 gms; 60 a mol) 
in d i s t i l l e d water (150 al ) was stirred with a solution 
of epoxy ester (XXVI; 3 gms; 20 n mol? («)g 6 - 49° 
c , 3.4 in acetone) in methanol-benzene mixture (165 ml: 
42.6 oil) for 48 hrs. and l a f t undisturbed for 72 hrs. at 
room temperature. Reaction mixture diluted with water 
(100 ml) and product isolated with ether. Work up in the 
usual manner and d i s t i l l a t i o n of the solvent at 115°-140° 
(bath terap.)/4 ma furnished a compound ^T«<)p - 39° (c , 3.4 
in acetone), vhose IH and NMH spectra agreed with the starting 
epoxy ester 
Epoxldatlon of carvone oxide (XlVa) 
To a stirred solution carvone oxide £X*Va; 1.5 gms; 
("Op • 77 (neatj7 in chloroform (2 ml) was added 4 m molar 
excess of perbenzoic acid in chloroform at 0° (0.8 N; 1.9 gms) 
and l e f t aside at 0° for 24 hrs. the reaction mixture was 
stirred with a suspension of aqueous sodium carbonate 
solution (10#; 20 ml) in chloroform (10 ml) for one hour. 
Chloroform layer was removed and was washed with water 
(3 x 50 ml), aried. The solvent was removed under reduced 
pressure and the residue was d i s t i l l e d at £115-120° (bath 
temp.0/1 mffl7 giving the dlepoxide / l l5 -120° (bath temp.)/l mjp 
giving the depoxide (XXVIII) (1.15 gm; yield 68$); 
(«)g • 84° (c , 7.5 in
 8 ce tone i / 
1 (i'2 
Analysis 
found* C, 66.21; H, 7.71 
C10H14°3 r*<*uired* c» S6»91? H» 7.74^ 
IR spectrum showed bands at 3.5, 5.9, 6.9, 7.3, 3.2, 8.5, 
9.0, 9.9, 9.6, 10.1, 10.4, 11, 11.2, 11.9, 12.2, IS and 13.9*/. 
NMR spectrum (page No.109) showed signals at 8.797, 8.747, 
8.657, 8.55, 8.49, 7.54, 7.50, 7.47, 6.677. 
A solution of ( + )-carvone oxide ^""2.42 gm; («)p + 77 
( n e a t i / io acetone (135 ml) was s t i r r e d with Fd - C* (5$; 
0.56 gm) ca t a ly s t in an atmosphere of hydrogen (room temp.25°), 
a t aos . pressure 710.45 mm of Hg). The uptake of hydrogen 
(1 molar equivalent) ceased a f t e r 90 minutes. The solution 
was f i l t e r e d free of ca ta lys t and tne product (2.43 gm? 99#) 
was d i s t i l l e d a t 120-13G°(batn temp.)/6 am to afford 
(•)-carvotauacetone oxide (1.83 gm) (°0J5 + 90 (c , 0.45 acetone) 
In spectrum ( l iqu ia f i U ) shows bands a t 3.30, 3.85, 6.80, 
6.95, 7.15, 7 .25 , 7 .30, 7 .55 , 7.80, 8.10, 8.50, 8.75, 9 .0 , 
9 .35, 9.50, £ .75, 10.05, 10.25, 10.50, 11.30, 11.75, 12.30, 
atid 13.25**. 
NMR spectrum (page No.110) shows s ignals a t 9.097 (6H, doublet, 
J = 7 cps CH3 on Cg) 3.677 (3E, s i n g l e t , CH3 - on C±) 6.727 
(1H, doublet , J = 3 cps , oxirane proton) 
•With Raney n i cke l , hydrogenation r e s u l t s were e r r a t i c and 
y ie lds were poor. 
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A solut ion of p-toluene sulfonyl hydra zide (1.3 g) 
In HAc end CH2Clg ( 1 : 1 , 42 ml) was s t i r r ed with (+)«.carvone 
oxide (XV; 1.12 go («<)D - 70° (neat) In methylene dichlorlde 
was s t i r r ed a t 0° for one hour, ^h« mixture was refluxed 
for 40 minutes and cooled and extracted with chloroform. 
On working up In the usual manner and removing the solvent 
under suction a residue was obtained which was purif ied through 
chromatography over alumina (Gr. I I I ) . Fraction with 
pe t . e the r gave the compound (XXX; 0.49 gm). 
IR spectrum (page No.112) showed bands a t (In l iquid 
film) 3 .5 , 3 .8 , 5 .9 , 6 . 1 , 7 , 7 . 3 , 7 .6 , 8 .6 , 9, 10.6, 11.2, 
12.3 and 13.2yu. 
Se,i4fffrba^0Qe gf , ^ , a^ftftrd« , ( f tM 
A solution of seraicarbezide hydrochloride (1.185 gm) 
in sodiua te (1 .3 g) and water (15 ml) was heated over 
a v-ater bach and the solid obtained (XXI) wa3 r ec rys t a l l l s ed 
from methanol-ether mixture (&:!)$ m.p. 134-35°. 
ft*<*«hY<*f qxx) to tho *<M {mm 
A solut ion of the aldehyde (XXX; 0.68 g) in acetone 
10 ml) was s t i r r e d with Jones ' reagent (1.25 ml; 8N) a t 0° 
end worked up in the usual manner. The product i so la ted with 
ether on d i s t i l l a t i o n a t 140-180° (bath temp.)/0.5 am 
furnished (XXXII; 0.02 gm). 
in 
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Chapter III 
DEGRADATION STUDIES 
OF 
RING A IN CHOLESTEROL AND BETULIN 
cuAron - I;I(A) 
DEGRADATION STUDIES OF RING A IN CHOLESTEROL 
» VMM A ft I 
ThB ketoficid (1) , which can be prepared conveniently 
from choles tero l has been transformed to the acid (4) 
through the following sequence of react ions (1) reverse 
Michael react ion to furnish the t r i c y c l i c ketone (3) 
( i i ) Baayer-Vlll iger oxidation ( i l l ) saponificat ion 
( iv) oxidation with Jones rpagent. Ths acid (4) i s a 
potentis?. intermediate for the preparation of the aldehyde (4a) 
(which i s an intermediate in the Vitamin D3 synthesis of 
I*ythgoe^). Oxidative decarboxylation of ( I ) has been carr ied 
out . 
Brown-Gar g oxida t ion 3 4 of (5) furnishes (6) which i s 
transformed to (8) through Baeyer-Vill iger oxidation followed 
by action of dil.HgSO^i-HAc in dichlorooethane on the resul t ing 
• - lac tone (7 ) . The acid (8) i s a po ten t ia l intermediate for 
the preparation of (9 ) . 
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As data accumulated on the ant irachi t ic potency 
of irradiated ergosterol ( I I ) , irradiated cholesterol (I) 
and cod l iver o i l , the resul ts eventually afforded a 
comparison of the three factors by the technique of differential 
bioassay. Many Invest igators** 2^ noted the large dosage of 
irradiated ergosterol i s required to control the rickets in 
chicks as compared to the Irradiated cod l iver o i l . Wadell4 
observed that irradiated ergosterol (II) i s far less 
efficacious in preventing rachit ic manifestation in chicks 
than »n equal number of ra t units of irradiated cholesterol. 
The conclusion4 was that the irradiated cholesterol (I) and 
ergosterol ( I I ) must give different ant i rachi t ic factors. 
5 Windaus et al\ were in search for an ant i rachi t ic factor other 
than Vitamin I>2 in the products of irradiation of sterol 
differing from ergosterol in detai ls of side-chain structure 
but possessing the same diene system in ring B. This lead to 
an important finding that the specific physiological act ivi ty 
i s not limited to a simple structure®. The analog having 
cholesterol (I) side-chain was of s t i l l greater in teres t . 
5 
Windaus et al. prepared Vitamin Dg from cholesteryl acetate 
(la) with an improvement over earlier procedure. 
8 Raoul et al. presented an approach to the synthesis of 
Vitamin D3 (VII) comparatively better than the on reported. 
Secocholesterol (III) was obtained by floridine treatment of 
CHART I 
I , R = H 
I a , R = CH3 
FLORIDIN 
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Vit. D 
ChL 
R = - C - C H 2 - C H 2 - C H 2 - < c H 
H l 
KOH,0, 
1 1 > 5 
Cholesterol ( I ) dried to constant weight at 
80-100° on oxidation with acetone-aluminiura-t-butoxide-
benzene16 or with cyclohexanone aluminium isopropoxide; 
benzene afforded cholest-4-an-3-one in high y i e l d s . Several 
methods are avai lable for opening of r ing A of the 3-oxo 
compound v i z . (a) through 3ay*r-Vil l ig8r oxidat ion 1 8 followed 
by saponificat ion (b) perlodate-permanganate oxidation 
(c) n i t r i c acid and ammonium vanada te^ (d) ozonolysis and 
p i 
oxidation with periodic acid . Of the aietl:ods mentioned 
above, the method (a) has been found to be s u i t a b l e . Keto 
acid (X) has been obtained in appreciable yields from 
lo 
cholestenone (IX) by fcdward et a l . " using perlodate and 
permanganate as oxidising agent in t»butfinol-water azeotropic 
medium. Cholestenone (IX) in t-butanol-water (11.8$ of water 
in t -butanol by volume) was s t i r r e d with pdit.carbonate 
solution (3 .5$) . A solution of sodium raetaperiodate (8$) 
in water was added to the above solution followed by 
pot.permanganate solution (0.8$) and s t i r r ed well for three 
hours . Pink coloured solution was reduced by sodium sulphite 
solution and concentrated to 50% of i t s o r ig ina l volume by 
D i s t i l l a t i o n under reduced pressure . Concentrated solution 
was ac id i f ied with 50$ d i l . H2S04 at 4 ° . The product was 
i so la ted with ether and worked up in the prescribed manner 
to furnish a solid acid r e c r y s t a l l ! s e d from n-hexane 
US) 
£X; m.p. 147-149° ( l i t . 1 9 149) IR spectrum has prominent 
typical bands at 3.70 to 4v for -C00H groua7. 
In our endeavour to prepare the key Intermediate (XXI) 
In the synthesis of Vitamin D3 (VII) the keto acid (X) 
was subjected to a number of chemical transformation. 
1. Oxidative decarboxylation13*14 to give the 
keto alkene (XIII). 
2. Reverse Michael22*23 reaction to give tr icyc l i c ketone 
(XVI). 
3 . Bayer-Villiger oxidation1 8 of the ester to lactone 
ester (XI). 
Oxidative decarboxylation with lead tetraacetate in 
the presence of copper acetate in pyridine and benzene 
afforded -24-norcholene in excellent yield in the hands 
of Vaidya and Rao 3 . We ut i l i sed the method to prepare keto 
alkena (XIII). Keto acid (X) in benzene, in the presence of 
cuprlc acetate and pyridine was refluxed in N2 atmosphere 
with lead tetraacetate for one hour. xhe neutral product 
obtained after working up in the prescribed manner was 
saponified with ethanoilc KOH. The saponified product was 
purified through chromatography over alumina (Gr. I I I ) . 
Fraction eluted with 50)6 pet. ether »benzene afforded the keto-
— 27° 
alkene ^XIII; m.p. 90-91° (x from pet.ether) (*)D • 47° 
(c , 2, in CHCI3); I R spectrum showed characteristic bands at 
5 .45 , 5 .53, 11.85, and 13.5^7 and NMR spectrum showed signals 
at 9.287 (3H, s ing le t , CH3 at C 1 3 ) , 8.807 (3H, s inglet , CH3 on 
1^0 
C10) and 4.0 - 5.47 (3H, mul t ip le t , vinyl protons^? 
Analysis agreeds with the molecular formula C25H42O. The 
moderate y ie lds compelled us to see other r o u t e s . 
Reduction of keto alkene (XIII) with NaBH4 affords 
a mixture of eplmerlc alcohols puri f ied through chromatography 
over alumina (Gr. I I I ) . Fraction eluted with benzene afforded 
keto alcohol (XIV; 84° (from methanol), analys is confirmed 
the formula; IR spectrum showed bands at 3.l/>, for -OH; no 
bands a t 5.9// for C=0; NMR spectrum showed signals a t 9.37 
(3H, s i n g l e t , CH3 on C-13), 9.087 (CH3 a t C10) 6.857 
(1H, broad, axial proton at C5) and 4.2 - 5.37 (3H, raultlplet 
for vinyl protons) . 
Keto acid (X) on pyrolys is of I t s sodium s a l t 2 3 in 
molten sodium phenyl ace ta te underwent reverse Michael 
react ion to furnish the t r i c y c l i c ketone (XVI) (similar 
degradation in the choles tero l aer ies i s reported by 
22 
Turner et a l . using Ba s a l t with poor r e s u l t s ) . A solution 
cf the keto acid and phenyl e00t ic scid in methanol was 
neut ra l i sed with rcethanolic MaOH solution (0.5N) and 
the dry sodium s a l t s were d i s t i l l e d a t 300-340° 
(bath temp.) /0.2 mm. 'Aie d i s t i l l a t e in e the r , was washed with 
sdcliura carbonate .solution and solvent removed. Residue was 
chromato£-rsphed over alumina (Gr. I I ) and the fraction eluted 
with 50$ pet .o thers benzene afforded the ketone £XVI; m.p.53° 
(froa methanol) l i t . 2 3 54° («)D + 14° (c , 1.6 in CHCl3i7. 
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Baeyer-Vlll lger oxidation of keto es ter (Xa) afforded 
the lactone es te r (XI) (m.p. 142-43°). 
Left with t r i c y c l i c ketone (XVI) In large quant i ty , we 
attempted i t s transformation to the olef in (XX). Tricycl ic 
ketone (XVI) in chloroform was s t i r r ed with perbenzoic acid for 
3 days a t 0-5°. The product was worked up in the prescribed 
manner t c yield 3 crude product which was pur i f ied by 
chromatography over alumina (Grade I I I ) . Fraction with 
benzene afforded a solid which was r ec rys t a l l l s ed from methanol 
to give the *- lactone /TXVII) m.p. 133°; («<)D + 67° (c , 5.6 in 
CHC13); NMEt s ignals a t 9.307 <3H, s i n g l e t , CH3 on C13) 8.657 
(probably one of the s ignals from CHg on C^Q, the remaining 
portion of the expected doublet i s buried in the prominent 
0 
signal a t 8.757), 7.57 (2H, -CHg-C) anc 5.757 (1H, broad, 
C1 0-H). Saponification of »-lactone (XVII) with methanollc 
KOH afforded an ac id ic fract ion which on r e c r y s t a l l i s a t l o n from 
pe t . e the r furnished 5 ,10-seco- l ,2 ,3 ,4- te t ranorcholes tane-10 (R) 
-o l -5-o lc acid (XVIII) m.p. 110-111°. Analysis confirmed the 
forauls C2 3H4 203 . 
Hydroxy acid (XVIII) on J o n e s ' 2 6 oxidation furnished the 
ketone (XIX), Xhe oxidat ive decarboxylation of XIX was 
carr ied out but the required olef in (XX) could not be isola ted 
and charac ter i sed . 
E H M I P » T A L 
Qppffnwr OTftfo,Uon..ttf, ChpUgtwrp* (I) t9 choUn-4-«n-
9-90ft UX) 
Cholesterol ( I ; m.p. 149-50°) was dried to constant 
weight at 80-100°. A solution of dry cholesterol (20 gms) 
in dry acetone (100 ml) and dry benzene (200 ml) was gently 
refluxed. Freshly prepared suspension of aluminium-ter-
butoxide (16 gms) In benzene (100 ml) was added and continued 
refluxing for 12 hrs. Cooled the contents and diluted 
with water (150 ml) and acidified with d l l . H2S04(2N, 140 ml). 
The product was isolated with benzene (2 x 100 ml) and benzene 
extract worked up in the prescribed manner. Solvent was 
removed under suction below 60° and the residue (16 gm; 80#) 
crystal l ised from acetone-methanol mixture (IX; m.p. 75°) 
( l i t . 1 6 82°) . IR spectrum showed bands at 6, 6.26, 6 .9 , 
7 . 1 f 7 .3 , 7 .6 , 7 .9 , 8 . 2 , 8 .5 , 8 .6 , 9 .8 , 10.8, 11.5 and 12.9f*. 
PrepjraUvn 9f.,K«tQ Mlfl (X? 
A solution of pot.carbonate £ln water (3.6$; 80 ml) 
was stirred with a solution of cholestenone (IX) in t-butanol-
water azeotrope £300 ml; prepared by mixing 88.2 gms of t-butanol 
(m.p. 82-83°) and water (11.8 gmsj7 end sodium metaperiodate 
in water (8J©; 50 ml) for 30 minutes followed by pot.permanganate 
solution (50 ml; (0 .8#) . i'he remainder of the perlodate 
solution was added at 11 ml/10 minutes and 6 ml/30 minutes. 
1 v.\ 
Permanganate solution was added whenever the colour 
faded (15 ml of pot. permanganate solution at 30 minutes 
interval was added). Stirred the mixture for two hours. 
Reduced excess of permanganate with sodium sulphite solution 
(2#; 30 ml). The resultant iodine coloured solution was 
concentrated at reduced pressure to a volume of about 400 ml. 
Cooled the solution to 4° and acidified (dil. sulphuric 
acid (50$; 40 ml); extracted thrice with ether (400 ml; 
300 ml; 200 ml). Ethereal solution was washed with saturated 
solution of ammonium sulphate (2 x 100 ml), and finally with 
water (2 x 100 ml). Bther layer dried and solution 
concentrated to 140 ml. To the concentrate was added 300 ml 
n-hexane, and concentrated to 80 ml and left at 4° for a day. 
Solid that separated was recrystallised from 50% ether-bsmx 
hexane mixture (X) m.p. 153° (lit.19 154°-55° (yield 68*). 
Ifi spectrum showed bands at (nujol) 3.4, 5.9, 6.9, 7.3, 
7.8 and 10.5//. 
o«lti§ttY«, fambviYUUpn 9f tho <wta.iqlfl U) to tftg 
QUtXn iUW 
Cuprlc acetate (0.5 gm) in dry pyridine (2 ml) was 
stirred with a solution of keto acid (X) in benzene (65 ml). 
A suspension of acetic acid free lead tetraacetate (10 gms) 
In benzene was added to the stirring mixture and refluxed for 
two hours in Ng atmosphere. Cooled the flask and destroyed 
the excess of lead tetraacetate with ethylene glycol (4 ml). 
The mixture was stirred with sodium carbonate solution 
1!^6 
(10$, 60 ml); and benzene layer was washed with water 
<3 x 50 ml), dried and solvent removed under suction. 
Residue (7.5 gms) was chromatographed over alumina (Grade II) 
and fraction with 50£ pet.ether*benzene was saponified with 
ethanolic KOH (1 go of KOH in 20 ml of ethanol). '^ he product 
was worked up in the usual manner and was isolated with ether 
(2 x 50 ml). Ether extract was dried and solvent removed 
Residue (3.9$ 2.3 gms) was chroma tographed over alumina (Gr.III, 
60 gms) anc eiuted with pet.ether; 50$ pet.etheribenzene and 
finally with methanol (each 200 ml). Fraction from 50# 
pet.ether benzene gave a solid which was crystallised from 
pet.ether to give (XIII; 0.8 gms; 8$ m.p. 90-91°; 
(«)D • 46° (c, 1.8 inCHClg). 
Analysis 
Found: C, 83 .66; H, 11.73 
c 25%42° r « q u i r e s t C, 8 3 . 7 3 ; H, 11.81J&. 
IR spectrum ( in nujol ) shews bands at 5 . 4 5 , 6 , 9 3 , 6 . 2 , 6 .95 , 
7 . 3 , 7 . 7 , 7 . 9 , 8 . 1 , 8 . 3 , 8 . 4 , 9 . 1 , 9 . 4 , 9 . 8 5 , 1 0 . 1 , 1 0 . 2 , 
1 0 . 6 , 1 0 . 9 , 11.85 and 13.4/f. 
NMR spectrum ( in CC14) (page No.135) shows s igna l s at 9.287 
(3H, sharp s i n g l e t , CH3 a t C-13) 8.807 (3H, s i n g l e t , CH3 a t C1Q) 
and 4 .0 - 5 .47 (3H, m u l t i p l e t , v inyl k*t protons) . 
flgducUgfl 9f the unsaturated tetmf iUU) tP ?lc9hol..lxiY> 
A homogenous solution of the unsaturated ketone 
(XIII; 0.47 gms) and sodium borohydride (0.2S gms) in ethanol 
(30 ml) was stirred at 26° for 8 hours. The contents were 
1.vtj 
diluted with water (40 ml) and product isolated with ether 
(2 x 50 ml). Ether extract washed with water (2 x 50 ml), 
dried and solvent was removed under suction. Residue (0.45 gra) 
on TLC developed with 30$ ethyl acetate in benzene showed two 
spots of Rf value 0.33 and 0.53, ^ for the starting ketone (XIII) 
Rf was 0.§7« 
The a l coho l (XIV; 0 .4 gas) was p u r i f i e d by chromatography 
over alumina (Gr. I l l ; 189 gms) and e l u t e d succes s ive ly with 
p e t . e t h e r , 50$ p e t . e t h e r - b e n z e n e and benzene (each 300 ml ) . 
F r a c t i o n from benzene gave {ji s i n g l e spot on TLC developed with 
30$ e thy l a c e t a t e in benzene (Rf value 0.3527pure a lcohol 
£7XIV; ra.p. 83-84° (from a c e t o n e ) ; ( « ) D + 1° ( c , 3 .2 in CHClgi7. 
Found: C, 8 3 . 3 3 ; H, 12 .52 . 
C25H44°2 r e q u i r e s : C, 83 .26 ; H, 12 .26$. 
IR spectrum shows bands a t 2 . 8 , 3 . 5 , 6 . 9 , 7 . 2 , 7 . 4 , 9 . 3 , 9 . 6 , 
10 .8 and 11.1/t . 
SHB spectrum (page So.136) shows s i g n a l s a t 9 .33 (3H, s , CH3 
a t C 1 3 ) 9 .08 (CH3 a t C-10) 6.857 (13 , broad a x i a l proton a t 
C-5) and 4 . 2 7 , 5 .37 (3H, n m l t i p l e t , v i n y l p ro tons ) (page ??o.l36). 
P r e p a r a t i o n of ke to e s t e r (Xa) 
Keto ac id (X; m.p. 152-53°; 3.68 gm) in dry methanol 
(64 ml) and cone. HC1 (6 ml; 3.12$ on t h e wt . of a l c o h o l ) was 
r e f l u x e d fo r 3 h r s . React ion mixture was cooled, d i l u t e d with 
water and the product i s o l a t e d wi th e the r (3 x 50 ml ) . Worked 
up in the u s u a l manner and removal of t h e so lven t furnished 
1^7 
furnished the ester (Xa; 3.48 gm; yield 95#) (single spot 
on TLC, developed vlth 20J& FtOAc In benzene). 
IR spectrum shows bands (as liquid film) and 5.8, 5.9, 7, 7.3, 
7.8, 8.4, 9.3, 9.8 and 10.6//. 
NMR spectrum shows s ignals a t 9.287 (3H, s i n g l e t , CH3 a t C 1 3) , 
8.927 (3H, s i n g l e t , Ch*3 a t C1Q) and 6.397 (3H, s ing le t CH3CO). 
A solution of the es te r (XJ 1.16 gra) io chloroform 
(3 ml) was t rea ted with perbsnacic acid in CHCI3 {2.25N, 4 .3 ml) 
a t 0° for 24 h r s . end a t room tenp. (28°} for 24 h r s . The 
product was d i l u t ed , the nixture with CHCI3 ^1 0 ^ a n d b i r r e d 
with sodium carbonate solution C10#, 80 ml). The chloroform 
layer wa3 worked up in the prescribed manner and the residue 
(1.2 gm) chromatograpbed over alumina (Gr. I l l ) and eluted 
successively with pe t . e the r 50$ pet.ether-benzene mixture, 
benzene, f rac t ion from benzene on r e c r y s t a l l i s a t l o n from 
methanol furnished lactone e s t e r (XI; 0.30 gm; 30% y i e l d ) , 
m.p. 142-43°; (<)^° • 23° (c , 2.9 to CBClg). 
Analyses 
Found; ^ , 74.47* fi, 10.91 
C2?H46 ~®Q"^es: C, 74 .61 ; H, IQ.&7%. 
IR spectrum shows bands a t 5 . 7 , 5 . 8 , 6 . 1 , 6 . 8 , 6 .9 , 7 .2 , 7.25, 
7 . 5 , 7 .6 , 7 . 9 , 8 . 3 , 8 .4 , 8 .7 , 8 .8 , 9, 9 .2 , 9 . 3 , 9 .8 , 9 .9 , 
10.2 , 10.4, 10 .8 , 1 1 . 1 , 11.2 and 12.2/t. 
1 , J- 1 
NMR (page No.134) spectrum shows signals at 9.307 (3H, S, 
CH3 at C 1 3 ) 0 8.707 (3Hf S, CH3 at C1Q) and 6.397 (3H, singlet 
CHQ - C). 
Wffiff [W o X W v «§t?«r iU) 
Keto ester (Xa, 0.4585 gms) in methanol-ethanol 
mixture (23 ml and 20 ml) was refluxed with a solution of 
hydroxylamine hydrochloride in water (8 ml), and KOH solution 
(4 ml; 1058) for 3 hrs. Cooled and diluted with 100 ml of 
water and alcohol was removed under suction and aqueous solution 
l e f t at 4° . Filtered and the solid was washed with water, 
dried and crystal l i sed from pet.ether (Xa) m.p. 144-145°. 
IR spectrum shows bands at 2 .8 , 3 .4 , 5 . 2 , 5 .4 , 5 .8 , 6 .9 , 7, 
7 . 3 , 7 .7 , 8 . 1 , 8 .4 , 8 .6 , 8 .8 , 9 . 1 , 9 .8 , 10.4, 10.8 and 11.8A*. 
The keto alkene (XV; 0.108 gm; m.p. 90-91°) In 7 al of 
ethanol and 5 ml methanol was treated with a solution of 
hydroxylamine hydrochloride (0.250 gms) in water (2 ml). To 
the mixture was added KOH solution (1 ml, 10$) and refluxed 
for two hours. Cooled, diluted with 100 ml of water and the 
alcohol removed under suction, added again 150 ml of water and 
the solution l e f t at 4°. Product f i l tered at the pump and 
washed with water (2 x 50 ml) and recrystal l i sed from 50J& 
methanol-acetone mixture m.p. 122°. Slemental analysis confirmed 
the molecular formula N, 4.19# for 3.75$. 
IR spectrum (in nujol) showed bands at 3 , 3 .4 , 6 .2 , 6 .9 , 
7 .2 , 7.35, 7 .9 , 9.9 and 11.8#. 
1 ?.\) 
fiey^rgf Mlgfr»«l reflc^on, ,9f Ulft tiftta aclfl U ) 
The keto acid (X; 152°; 10.17 gms; 0.025 mol) and 
phenyl acet ic acid (13.86 gms; 0.05 moles) were dissolved In 
methanol (15 ml); added a drop of phenol phthalein Indicator 
and t i trated against NaOH solution (0.5N in methanol). 
Neutralised the excess of NaOH with very dil.HCl solution. 
Solvent was removed and d i s t i l l e d in vac. (in alloy bath 
at 300-400°(bath)/0.2 to 0.3 mm). The d i s t i l l a t e (6.3 gm 
90* yie ld) was shaken with ether containing 20 ml of 10JC NaOH 
solution and washed free of alkali with saturated brine 
(2 x 50 ml) and f inally with water (2 x 50 ml), dried and 
solvent removed. Residue (6.6 gm) was purified by chromatography 
over alumina (Gr. I I ; 1:30; 200 gms) eluted with pet.ether-
benzene (1:1); benzene; (600 ml each) successively. Fraction 
from benzene on recrystal l i sat ion from methanol afforded the 
acid (X) m.p. 53° ( l i t . 54°; ( « ) | 7 ° • 14.3 (c , 1.6* In CHClg). 
Found: C, 83.28; H, 12.03 
C23H40° requires: C, 83.06; R, 12.13*. 
IR spectrum (in nujol) showed bands at 5 .8 , 6 .8 , 7 .3 , 7.5, 
8.85, 8, 8 .2 , 8 .4 , 9 .3 , 9 .8 , 10.3, 10.6, 10.7, 10.9, 11.45, 
11.9, 12.4, 13*x. 
1 30 
gggyer-VlUlggr oxidation of the ketone (XVI) to lactone (XVII) 
The ketone (XVI; m.p. 53; 1.5 m mol) in d i s t i l l e d dry 
chloroform (5 ml) was t r ea t ed with perbenzoic acid (2.25N; 
0.1552 gms 2.6 m moles) a t 0-4°. Diluted the contents with 
chloroform (10 ml) t r ea ted with sodium carbonate solution 
(10 ml; lOjO and chloroform layer washed free of a lka l i with 
sa tura ted brine (3 x 20 ml). Neutral chloroform layer was 
dried and solvent removed. Residue (XVII) was r ec ry s t a l l i s ed 
from hot methanol and sublimed a t 135-195° (bath teaap.)/3 mm., 
m.p. 133°. Yield 2736; («c)^7 • 66° (e , 5.6# in CHC13). 
Analysis 
Found* C, 79.25; H, 11.54 
C23H40°2 r equ i r e s : C, 79.25; H, 11.57JS 
IH spectrum ( in nu.}ol) showed bands a t 5 . 8 , 6 .9 , 7 . 3 , 7 . 5 , 
7 . 8 , 8 .2 , 8 . 3 , 8 .4 , 8 .5 , 8 .7, 9, 9 .2 , 10, 1 0 . 1 , 10.4, 10.7, 
10.9, 1 1 . 1 , 11.7 , 12, 12 .1 , 13 and 13.Sv. 
NMR spectrum (in CC14) shows s ignals a t 9.30 (3H, s ing le t , 
CH3 a t C^g), 8.657 (probably one of the s ignals from 
CHg on C^Q; the remaining portion of the expected doublet 
i s buried In the prominent signal at 8.757) 7.5 (2H, -CH2-C-) 
and 5.737 (IH, broad C10H). 
ftagoningfiUgn 9t .ttH-UfitPM ( W ) ta.SqQ-sqco-:^, 3,4-
tt^r«\n9rcholestane W ^ - c y S - o l c a c ^ ( M H I 
The lactone (XVII m.p. 133°) 1.235 gms in methanol (15 ml) 
was refluxed with methanolic KOH solution (35 ml; 7%) for 
3 h r s . The solvent was removed under suct ion, d i lu ted with water, 
extracted with ether (3 x 75 ml). Ether extract was washed 
with saturated brine (2 x 75 ml) and finally with water 
(2 x 50 ml) dried and solvent was removed. The combined 
nlksline layer was neutralised with dil.hydrochloric acid 
(5%y 40 ml) shaken with ether (2 x 75 ml). Ether layer was 
washed with saturated brine (2 x 25 ml) and finally with 
water. The solvent was removed after drying. Residue, (XVIII) 
v/as crystallised from pet. ether (m.p. 110-111°). 
Analyst 
Found: C, 75.82; H, 11.74 
c22**42°3 r equ i r e s : C, 75.36; H, 11.55$ 
NMR spectrum (page No.137) (in CCl^) shewed s ignals a t 
9.37 (3H, s i n g l e t , Cflg a t C13) 8.807 (3H, s i n g l e t , CHg a t C 1 0) ; 
5.47 (1H, broad -OH, disappears on D20 exchange); 4.57 
(1H, s i n g l e t , CE3). 
Jones oxidation of the alcohol (XVIII) to the ketone (XIX) 
The alcohol (XVIII; m.p. 110-111°; 0,82 gm) in acetone 
(15 ml) was oxidised with Jones ' reagent (5 ml; added a t 
0.5 ml/15 mins) with s t i r r i n g at 4 ° . The red orange solution 
was t rea ted with methanol (9 ml) to destroy the excess of 
the reagent; d i lu ted with 100 ml of water and extracted with 
e the r . JBther solut ion was washed free of acid vith saturated 
ammonium sulphate so iu t ion , followed by water (2 x 60 ml) , 
solvent was removed a f te r drying. Residue (0.6 gm) was 
d i r ec t l y taken for decarboxylation without further pu r i f i ca t ion . 
1 31 
P?qar^Yi^^n.MQj; ,t?hy Kefr? a?14 OHS) tp ^ « fceto 
The keto acid (XIX 0.675 gin) In (15 ml) mt In dry 
benzene was s t i r r ed with copper ace ta te (0.15 gms) and dry 
pyridine (0.5 ml) nitrogen atmosphere for 45 minutes and 
lead t e t r a a c e t a t e (2.2 gms) In dry benzene (50 ml) was added 
to the contents of the f lask , continued s t i r r i n g a t laboratory 
temperature for one hour and then refluxed for 3 h r s . Cooled 
and excess of the lead t e t r a a c e t a t e was destroyed with 
ethylene glycol (2 ml). Benzene layer was removed and 
washed with water (2 x 50 ml) and dr ied. Solvent was removed 
under suction, ^he residue was chromatographed over alumina 
(Gr. IT, 1*20) and eluted with p e t . e t h e r , pet .ether:benzene 
(1 :1 ) ; benzene (esch 100 ral); fraction with benzene gave a 
res idue (0.11 gm) which was sublimed and pur i f ied a t 
180-200° (bath temp./2 mm) to give (XX; 0.05 go) . 
IK spectrum showed bands a t 5 . 7 , 5 .8 , 6 . 3 , 6 .9 , 7 . 3 , 7 .8 , 
12.35 and 13.1**. 
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CHAHER - mm 
DEGRADATION STUDIES OF RING A IN BBTULIN 
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A large number of the therapeutically important 
steroid hormones and hormone analogues in use are 
derived1*2 by partial synthesis from their precursors * such 
as bile acids ( I ) , s terols ( I I , I I I , IV), steroid sapogenins 
(V, VI) steroid alkaloids e .g. solanldlne. The search for 
better methods and cheaper raw materials to achieve the above 
objective i s an act ive study even today3*4 . 
The study of biogenesis of steroids and the experimental 
evidence5i? of the conversion of squalene oxide to lanosterol 
explains the close relationship between tetracycl ic terpenes" 
and s teroids 7 " 1 1 . Because of this close analogy one can 
expect readily accessable and abundantly available pentacyclic 
terpenes as the ideal raw material for the preparation of 
active steroidal hormones12'13 . 
In triterpene to steroid conversions, the main steps 
are ( i ) degradation of the side-chain of triterpenes to 
either the two carbon side-chain of the cortlcoid and 
progestational hormones or to a C-17 function as obtained in 
androgenic or estrogenic hormones, ( i i ) modification of ting A 
(4,4'-dlmethyl-3p-ol) into 3-oxo-4-ene as in many non-aromatic 
natural steroids, ( i i i ) removal of one or both the methyl 
groups at C-4 to achieve a partial synthesis of 4* or 14*-
types methyl compounds ( iv) functionalisation of C-14 methyl 
group particularly in lanosterol derivatives. 
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Barton et a l . 2 1 avoided the d i f f i cu l t step of dehydration 
u t i l i s ing photochemical cleavage of cyclopentyl n i tr i t e to 
oxaminoketone. 
Kazlanskas28 used readily accessable 4-methyl-4-
methylene-3,4-seco-triterpene acids (XX) to obtain 3-0X0-4,4*-
dimethyl compound and lanost-8-en-3-one for the preparation of 
4*-methyl analogs (XXVI). 
The steps are as follows (Chart No. 4 ) . 
(1) Unsaturated acid (XX) an SeOg oxidation in dioxane furnished 
the aldehyde (XXI). (2) The aldehyde (XXI) was easi ly oxidised 
to the dlcarboxylic acid (XXII) on further oxidation with 
t-butanol Se02 in 90£ HgOg. (3) Dleckmann condensation of the 
diester gave the 0-ketoester (XXIV). (4) Hydrogenation of the 
enol of the p-keto ester (XXIV) followed by hydrolysis in 
MeOH-KOH via eplmerisation and decarboxylation furnished (XXVI). 
Blemol (XXXIV) and related compounds undergo interesting 
transformation2 9>3 0»3 1 . Acid catalysed3 2 cycl lsation of 
sa us sure a lactone (XXXV) furnished a mixture of bicyclic 
lactones (XXXVIa; XXXVIb). Thermal rearrangement31 of i s o -
l i nderalactone (XXXVII) results in an equilibrium mixture of 
(Ca 1:1) llnderalactone (XXXVIII) and isolinderlactone (XXXVII). 
Hence one can anticipate the acid catalysed cycllsation of 
XLIV to a 4-methyl steroid (XLV) which can be transformed to 
alcohols (XLVI & XLVIII) as per the scheme given (Chart No.6). 
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Compound (XLVI) which has C-4 p-methyl i s a potential 
intermediate for the synthesis of (XLVIII). 
Our interest was to prepare (XLIJO. 
Betul in 3 3 * 3 4 (XXXIX; m.p. 256°) a pentacyclic t r i -
terpene alcohol was available from commercial sources. 
Formylation3 3 '3 4 of betulin furnished formylbetulin (XLa; 
m.p. 310° (<*)D • 51° (c , 1.6, CHClg) ( l i t . 3 3 » 3 4 311-312°). 
Saponification of formyl betulin afforded allobetulin 
(XL, m.p. 246° ( l l t . 3 3 » 3 4 260°) . Oxidation of allobetulin 
(XL) to the Cg-oxo (XLI) was f i r s t attempted by K l i n o t ' s 3 3 ' 3 4 
method. The method was abandoned due to poor y ie lds . Brown 
and Garg3^*3^ oxidised levomenthol to the ketone using 
sodium dlchromate reagent*. 
The alcohol (XL) in ether was orfldised with the sodium-
dichromate reagent at 25°. The ether layer on workingup and 
removing the solvent furnished a residue which on chromatography 
gave the ketone (XLI; m.p. 23-33° l i t . 3 4 235-36°) (°0D + 79°; 
elemental analysis confirmed the formula CgQB g^Og; IR spectrum 
showed characteristic band at 5.9** for -C = 0. 
37 Holer e t a l . have reported an interesting study on 
the loss of methyl group in an acid catalysed Baeyer-Villiger 
oxidation of 4,4-dimethyl cholestan-3-one (Chart No. 6) (XLIX). 
Oxidation of compound (XLIX) with perbenzoic acid in the 
*The reagent was prepared by dissolving 5 gms of sodium 
dlchromate dihydrate in 96j6 cone. H2S04 acid (3.75 ml) 
and made up to 26 ml with d i s t i l l e d water. 
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presence of mineral acid (10J8 %S04 in HAc) furnished 
4*-methyl-3-oxo-A-horao-cHosta-3-one (L). In the absence of 
mineral acid compound furnished 4,4-dimethyl-a>-lactone (LI). 
Further treatment of (LI) with mineral acid (10?6 HgS04 in 
HAc) gave in high yields 4-methyl, 4-raethylene, 3,4-seco-
cholestan-3-oic acid (LII). Baeyer-Villiger oxidation of (XLI) 
with perbenzoic acid in chloroform furnished % -lactone 
(XLII; m.p. 205° («)D • 80° (c , 1.2 in CHC13); analysis 
confirmed the molecular formula C3oH4gOgj IR spectrum showed 
characteristic bands at 5 .6 , 5 .8 , 7 . 3 , 7 .5 , 7 .8 , 8.25, 8 .4, 
8 . 5 , 8 .7 , 9 .5 , 9.7 and §* 9.9*i. 
%-Lactone (XLII) in dichloromethane, when stirred with 
d i l . H2S04-HAc mixture furnished the unsaturated acid in XLIII 
high yields (70$; mpp. 216° «D + 63 (c, 1.3, CHCI3); IR spectrum 
shows bands at 3 to 3.8 (broad) characteristic of -C00H) 5.9 
6 . 2 , 6 ,9 , 7 .3 , 7.8, 8 . 1 , 8 .5 , 8 .9 , 9 . 3 , 9.7, 9 .9 , 10.2, 10.3, 
10.7, 10.3 , 11.2, 11.4, 11.46, 12.3 and 13.1/*. 
Kochi38 found that oxidative decarboxylation by lead 
tetraacetate i s catalysed markedly by cupric acetate, Cu(0Ac)2 
in the absence of oxygen. Rao et a l ? 9 have used the reagent to 
convert cholanic acid into 24-norcholene in 60$ y ie ld . 
The method was used by us to bring about decarboxylation 
of the unsaturated acid (XLIII). But we could not get the 
compound (XLIV). 
E X P E R I M E N T A L 
Conversion of bffWn (PTO) to aUtrt>»Mln (W 
A suspension of betul in (XXXIX; m.p. 250°) in formic 
acid (15 ml; 98#) was s t i r r e d a t 60-70° for 75 minutes. Ihen 
I t turned from pinkish v io l e t to brown, i t was cooled, 
f i l t e r e d and washed the product with methanol, dried to give 
formyl betul in £?leld 1.64 gms (82#); m.p. 311° ( l i t . 3 3 ' 3 4 
311-3l2°i7» ^h* product was taken for saponif icat ion. 
frapftnUlcflUop
 g f forayWlobefrAln, 
Formylallobetulin was saponified with methanol!c NgOH 
solution (40 ml; 4 gms of NaOH in 40 ml of methanol) for 3 h r s . 
Worked up the product in the prescribed manner and the solid 
free from a l k a l i was dr ied to give a l lobe tu l ln (XL; 1.4 gm; 
7256 y ie ld) m.p. 245; ( l i t . 3 3 ' 3 4 260°). 
foFlflattve of ftUrtfftuUn. ( W %o allobet?ulone (XLI? 
Allobetulln (XL; 1.2 gms; 3 m mols) in ether (140 ml) 
was s t i r r e d with sodium dichromate reagent (0.9 gm of sod. 
dichromate in 0.67 ml of cone. HgS04 acid (32 N) and 0.6 ml of 
water) a t laboratory temperature (22°) . Ether layer was 
removed and washed with water (2 oc 100 ml), dried and solvent 
was removed. Residue (1.248 gm) was purif ied by chromatography 
over alumina (Gr. I I ) and eluted with p e t . e t h e r , 505? pe t . e ther 
In benzene and benzene (each 200 ml). Pet .e ther f rac t ion , on 
removing the solvent furnished al lobetulone (XLI; 0.25 gm) 
152 
m.p. 230° (from benzene) (lit.33*34 from HAc 230-33°) 
(«x)g8° + 790 (Cf 2.2 in CHCI3). Lit?3'34 « D • 87° (in CHClg) 
Analysts 
Pound: C, 81.82; H, 10.89. 
G30H48°2 ra^ulr0** C, 81.73; Ht 10.98*. 
IR spectrum showed bands (in nujol) at 5 .8 , 7 .5 , 7 .1 , 8.8, 
9 . 3 , •* , 9 .4 , 9 .5 , 9 .9 , 10, 10.3, 10.9, 11 .1 , 11.5, 11.9, 12.3, 
and 13M. 
Ketone (XLI) to ^-lactone (XLII) 
The ketone (XLI; 0.69 gro) in CHClg (5 ml) was treated 
with perbenzoic acid (3 ml; 2.15 M; 0.148 gms/cc; 2 mols, 
0.44 gms) at 5° . After the addition i t was kept aside at room 
temp, for 4 days, diluted with 18 ml ofCHClg and was shaken 
free of alkal i with water, dried and solvent removed to give 
(XLII) m.p. 216° (from methanol) £0.8563 gms; (°0§7*5 + 80.6° 
(c , 1.2* CHClg). 
Analysis 
Found J C, 78.89; H, 10.59 
C30H48°3 requires! C, 79.43; H, 10.54*. 
The e-lactone (XLII, 5 g) in dichloromethane (138 ml) 
was treated with glacial acetic acid (28 ml) containing 10* 
cone. H2SO4 ZTSP« gravity 1.84; 1.53 ml) and left at room 
temperature (27° for 24 hrs.). Solution turned violetish black. 
Isolated the compound with ether (400 ml) and the xqnms 
aqueous layer was removed. Organic layer was washed free of 
acid with NagC0g solution (10*; 300 ml). Neutral layer was 
1IV3 
dried and solvent removed under suction. The residue 
(2.39 gm; 5B%) was crystallised from benzene to afford 
ULIII; m.p. 223°, («)D • 63° (c, 2.09 in CHClg). 
IR spectrum (page 155) shows bands at 3.5 (broad; due to-COOH) 
5.9, 6.2, 7.3, 7.8, 8.1, 8.5, 8.9, 9.3, 9.9, 10.2, 10.3, 
10.7, 10.8 , 1 U . 2 , 11.4, 11.46, 12.3 and 13.1/u (page 155). 
Analysis 
Found: C, 78.89; H, 10.59 
C30H4g03 requires* C, 79.09; H, 10.47J&. 
Afrtympted OTJWfittvj flttC»rp9*ylaUftP. 9f til? a<?jd (XfrEH) fro 
8 i3 ?«<?9 cpqpoufld (XLIY) 
Cupric ace ta te (0.5 gms) in dry pyridine (0.035 ml) 
was s t i r r e d with a solution of the acid (XUII ; 0.440 gms; 
0.96 m raol) in benzene (30 ml) . A suspension of lead t e t r a -
ace ta te (4 gms) in benzene (30 ml) was added to the s t i r r i n g 
mixture and refluxed for 2 h r s . in Ng atmosphere. Cooled the 
flask and destroyed excess of lead t e t r a a c e t a t e with ethylene 
glycol (2 ml) . The mixture was washed with Na2C03 solution 
(10# 25 ml) and worked up the organic layer in the usual 
manner and the solvent was removed under suction. Residue 
was chromatographed over alumina (Gr. I I ) and the fract ion 
with pe t . e ther furnished (XLIV); 0.13 gm). 
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